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Abstract of a dissertation submitted in partial fulfilment of the requirements for the 
Degree of M.Appl.Sc 
Benchmarking best Practice for Irrigation productivity in 
Canterbury Dairy Farming 
 
By William J. Grayling 
 
 
Irrigation is an integral component of Canterbury dairy farming to produce reliable 
summer pasture production to support high performing dairy cows. Within the 
Canterbury region there is becoming increased pressure over the allocation and use of the 
finite resource that is fresh water.  
 
This study investigated the levels of production (milksolids, MS) from irrigation 
(megalitres, ML) which were being achieved on what were thought to be ten of the best 
farms in the Canterbury region in terms of converting irrigation water into milk 
production. From the analysis of case study information for the ten farms involved, 
benchmark figures for production from water use were developed along with the 
associated costs of irrigation water.  
 
The highest level of irrigation productivity over three years was 348 kg MS/ML of 
irrigation or 139 kg MS/ML of total water (irrigation + rainfall); this was on the Lincoln 
University Dairy Farm (LUDF). Centre pivot irrigated farms had the greatest level of 
productivity from water use at 106 kg MS/ML of total water followed by rotary boom 
and border dyke irrigated farms at 87 and 78 kg MS/ML respectively. Target levels of 
irrigation productivity for Canterbury dairy farms derived from the three best performing 
farms in this study should be 100-120 kg MS/ML of total water when allowing for the 
impact of purchased feed (including winter grazing). 
 
Increased irrigation water use resulted in a subsequent decrease in productivity in terms 
of milksolids per megalitre of irrigation. A strong relationship also existed between 
drymatter harvested and subsequent milksolids production per unit of water; an 
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approximate 1% increase in drymatter harvested per hectare resulted in a 2.5% increase 
in milksolids production from total water used. 
 
The average cost of applying one megalitre of water across the 10 farms was $35 
although this price per megalitre ranged from $60 for pivot, $53 for rotary boom and $7 
for border dyke irrigation. When including the cost of capital (9% interest on the 
purchase cost of system), the cost of water increased to $116 and $85/ML for pivot and 
rotary boom irrigation respectively and $34/ML for border dyke irrigation. 
 
Operating profit (described as earnings before interest and tax, EBIT) was only able to be 
gathered accurately for three of the farms in this study with levels ranging from $233/ML 
to $671/ML of irrigation. There is scope for more work into establishing the levels of 
profitability being achieved on best practice farms and could be a useful set of data in the 
future.  
 
Two components for potential improvement of irrigation productivity on Canterbury 
dairy farms are increased soil moisture monitoring to reduce irrigation water applied and 
the upgrading of irrigation systems to reduce irrigation round lengths. A reduction in the 
interval between irrigation events will allow farmers to suspend irrigating when climatic 
conditions are favourable and begin again with the whole farm covered rapidly, 
preventing potential losses in production. 
 
Keywords:  irrigation, irrigation productivity, water use efficiency, dairy farming, 
milksolids, benchmarks, pasture yield, profitability.  
  
iv 
TABLE OF CONTENTS 
 
ABSTRACT....................................................................................................................... ii 
TABLE OF CONTENTS ................................................................................................ iv 
LIST OF FIGURES ....................................................................................................... viii 
LIST OF TABLES ......................................................................................................... viii 
GLOSSARY...................................................................................................................... ix 
CHAPTER 1 - GENERAL INTRODUCTION.............................................................. 1 
1.1 Overview of the New Zealand Dairy Industry.................................................... 1 
1.2 Irrigation in New Zealand................................................................................... 2 
1.3 Dairy Farming and Irrigation in Canterbury....................................................... 3 
1.4 Irrigation Systems ............................................................................................... 4 
1.4.1 Border Dyke.................................................................................................... 4 
1.4.2 Rotary Boom................................................................................................... 5 
1.4.3 Pivot ................................................................................................................ 6 
1.5 Research Problem ............................................................................................... 8 
1.6 Research Objectives and Questions .................................................................... 9 
1.7 Dissertation Outline .......................................................................................... 10 
CHAPTER 2 - REVIEW OF LITERATURE.............................................................. 11 
2.1 Water Use Efficiency........................................................................................ 11 
2.2 Levels of Milk Production being achieved from Water use ............................. 11 
2.3 Factors affecting production from Water use ................................................... 13 
2.3.1 Irrigation factors............................................................................................ 13 
2.3.2 Farm Management Factors ........................................................................... 14 
2.4 Characteristics of Irrigation systems................................................................. 15 
2.4.1 Border dyke................................................................................................... 15 
2.4.2 Rotary Boom and Centre Pivot Irrigation..................................................... 16 
2.5 Limitations in the Literature and how this study aims to fill these limitations. 17 
CHAPTER 3 - METHODOLOGY................................................................................ 18 
3.1 Introduction....................................................................................................... 18 
3.2 Case Study Approach........................................................................................ 18 
3.3 Selection of Farms ............................................................................................ 19 
  
v 
3.4 Interviews.......................................................................................................... 20 
3.5 Data Collection ................................................................................................. 20 
3.6 Analysis............................................................................................................. 21 
3.7 Confidentiality Issues........................................................................................ 21 
CHAPTER 4 - RESULTS .............................................................................................. 22 
4.1 Introduction....................................................................................................... 22 
4.2 Farm ‘A’ – Lincoln University Dairy Farm...................................................... 24 
4.2.1 Overview....................................................................................................... 24 
4.2.2 Physical Characteristics and management of the LUDF .............................. 24 
4.2.3 Irrigation Productivity Indicators.................................................................. 25 
4.2.4 Irrigation management factors of the LUDF ................................................ 25 
4.3 Farm ‘B’............................................................................................................ 26 
4.3.1 Overview....................................................................................................... 26 
4.3.2 Physical Characteristics and management of Farm ‘B’ ................................ 26 
4.3.3 Irrigation Productivity Indicators.................................................................. 27 
4.3.4 Irrigation management factors of Farm ‘B’ .................................................. 27 
4.4 Farm ‘C’............................................................................................................ 28 
4.4.1 Overview....................................................................................................... 28 
4.4.2 Physical Characteristics and management of Farm ‘C’................................ 28 
4.4.3 Irrigation Productivity Indicators.................................................................. 29 
4.4.4 Irrigation management factors of Farm ‘C’ .................................................. 29 
4.5 Farm ‘D’............................................................................................................ 30 
4.5.1 Overview....................................................................................................... 30 
4.5.2 Physical Characteristics and management of Farm ‘D’................................ 30 
4.5.3 Irrigation Productivity Indicators.................................................................. 31 
4.5.4 Irrigation management factors of farm ‘D’................................................... 31 
4.6 Farm ‘E’ ............................................................................................................ 32 
4.6.1 Overview....................................................................................................... 32 
4.6.2 Physical Characteristics and management of Farm ‘E’ ................................ 32 
4.6.3 Irrigation Productivity Indicators.................................................................. 33 
4.6.4 Irrigation management factors of Farm ‘E’ .................................................. 33 
4.7 Farm ‘F’ ............................................................................................................ 34 
4.7.1 Overview....................................................................................................... 34 
4.7.2 Physical Characteristics and management of Farm ‘F’ ................................ 34 
4.7.3 Irrigation Productivity Indicators.................................................................. 35 
4.7.4 Irrigation management factors of Farm ‘F’ .................................................. 35 
4.8 Farm ‘G’............................................................................................................ 36 
4.8.1 Overview....................................................................................................... 36 
4.8.2 Physical Characteristics and management of Farm ‘G’................................ 36 
4.8.3 Irrigation Productivity Indicators.................................................................. 37 
4.8.4 Irrigation management factors of Farm ‘G’.................................................. 37 
4.9 Farm ‘H’............................................................................................................ 38 
  
vi 
4.9.1 Overview....................................................................................................... 38 
4.9.2 Physical Characteristics and management of Farm ‘H’................................ 38 
4.9.3 Irrigation Productivity Indicators.................................................................. 39 
4.9.4 Irrigation management factors of Farm ‘H’.................................................. 39 
4.10 Farm ‘I’ ............................................................................................................. 40 
4.10.1 Overview................................................................................................... 40 
4.10.2 Physical Characteristics and management of Farm ‘I’ ............................. 40 
4.10.3 Irrigation Productivity Indicators.............................................................. 41 
4.10.4 Irrigation management factors of Farm ‘I’ ............................................... 41 
4.11 Farm ‘J’ ............................................................................................................. 42 
4.11.1 Overview................................................................................................... 42 
4.11.2 Physical Characteristics and management of Farm ‘J’ ............................. 42 
4.11.3 Irrigation Productivity Indicators.............................................................. 43 
4.11.4 Irrigation management factors of Farm ‘J’ ............................................... 43 
4.12 Summary of all Farms....................................................................................... 44 
4.12.1 Comparison of all Farms........................................................................... 44 
4.12.2 Water use and Irrigation Productivity (kg MS/ML) ................................. 47 
4.12.3 Drymatter harvested and Irrigation Productivity (kg MS/ML)................. 49 
4.12.2 Differences between Irrigation Systems ................................................... 50 
4.12.3 Financial Performance .............................................................................. 51 
CHAPTER 5 - DISCUSSION ........................................................................................ 52 
5.1 Introduction....................................................................................................... 52 
5.2 Water Use.......................................................................................................... 52 
5.3 Production from Water Use .............................................................................. 53 
5.4 Irrigation Management...................................................................................... 55 
5.5 Differences between Irrigated Farm Systems ................................................... 57 
5.6 Cost of Irrigation............................................................................................... 58 
5.7 Financial Performance ...................................................................................... 58 
5.8 LUDF ................................................................................................................ 59 
5.9 Strategies to Improve Performance................................................................... 59 
5.10 Further Investigation......................................................................................... 60 
CHAPTER 6 - CONCLUSIONS ................................................................................... 61 
REFERENCES................................................................................................................ 62 
ACKNOWLEDGEMENTS ......................................................................................... 655 
APPENDIX 1 - INTERVIEW QUESTIONNAIRE..................................................... 66 
APPENDIX 2 - DRYMATTER HARVESTED TEMPLATE.................................... 69 
  
vii 
LIST OF FIGURES 
 
 
Figure 1. New Zealand land use with irrigation (data sourced from Doak et al. 
2004). 2 
Figure 2. Expected annual rainfall for Canterbury (Ashburton) and Waikato 
(Hamilton) (source: NIWA National Climate database). 3 
Figure 3. Stylised pasture production profile for Canterbury irrigated and non-
irrigated pastures (Doak et al. 2004). 4 
Figure 4. Border dyke Irrigation 5 
Figure 5.  Rotary Boom irrigator in operation 6 
Figure 6. Centre Pivot Irrigation 7 
Figure 7. K-line sprinklers with long lateral sprinkler inset   7 
Figure 8. Effect of amount of irrigation water applied and type of irrigation 
system on milk solids (MS) production in Canterbury (data from 
Greer 1999). 12 
Figure 9. Comparison of irrigation applied per season and the corresponding 
milk production per ML of irrigation (  Irrigation applied,  
kg MS/ML). 47 
Figure 10. Diminishing relationship between applying more irrigation and 
productivity from irrigation 48 
Figure 11.  Comparison between production per ML or irrigation and per ML of 
total water (irrigation plus rainfall) ( Irrigation only,  Rainfall + 
Irrigation). 48 
Figure 12. Relationship between t DM harvested per ha and kg MS/ML of total 
water (irrigation + rainfall). 49 
Figure 13. Daily labour requirement for different irrigation systems. 51 
Figure 14. Levels of EBIT being generated on the three farms with reliable data 
for the milking platform only ( EBIT/ML Irrigation, EBIT/ML 
total water, both excluding impact of purchased feed) (All three 
farms are pivot irrigation). 51 
  
viii 
LIST OF TABLES 
 
 
Table 1. Summarized Irrigation productivity indicators for the LUDF.  25 
Table 2. Summarized Irrigation productivity indicators for Farm ‘B’. 27 
Table 3. Summarized Irrigation productivity indicators for Farm ‘C’. 29 
Table 4. Summarized Irrigation productivity indicators for farm ‘D’. 31 
Table 5. Summarized Irrigation productivity indicators for Farm ‘E’. 33 
Table 6. Summarized Irrigation productivity indicators for Farm ‘F’. 35 
Table 7. Summarized Irrigation productivity indicators for farm ‘G’. 37 
Table 8. Summarized Irrigation productivity indicators for farm ‘H’.  39 
Table 9. Summarized Irrigation productivity indicators for Farm ‘I’. 41 
Table 10. Summarized Irrigation productivity indicators for Farm ‘J’. 43 
Table 11. Summary of the performance for farms from 2004/05 to 
2006/07 (excludes farms ‘C’ and ‘G’). 45 
Table 12. Summary of farm performance for the 2006/07 season. 46 
Table 13. Comparison between irrigation systems (Only farms with over 
80% of the farm covered by one type of irrigation system were 
included, there are two farms included for each irrigation system). 50 
 
 
 
 
  
ix 
GLOSSARY 
 
 
− AWHC, Available water holding capacity. Describes the water held in the root-
zone between field capacity and permanent wilting point. That is all the water 
which the plant can withdraw from the soil. The AWHC of soils if unknown by 
the farmer were sourced from Environment Canterbury Online GIS. 
 
− EBIT, ‘Earnings Before Interest and Tax, but including depreciation’. This value 
recognizes the difference between operating revenues and costs, while also 
deducting economic depreciation.  
 
− Irrigation productivity, this refers to the level of milk production (kg MS) from 
irrigation (ML of water). 
 
− Irrigation productivity excluding purchased feed. Refers to the level of milksolids 
production from water when subtracting the impact that purchased feed has on 
total production, e.g. If 100,000 kg MS with 20% purchased feed, the new total 
excluding impact of purchased feed is 80,000 kg MS. 
 
− ML, Megalitre, unit of water, a megalitre is the equivalent of 1,000,000 litres or 
100mm/ha. Note: depth of water is expressed as the millimetre (mm). 1mm 
(depth) = 1 litre/m2 = 10,000litres/ha = 0.01ML. 
 
− MS, milksolids. The valued solid components of milk, milkfat plus protein. 
 
− Total water, used throughout this report ‘total water’ refers to rainfall received on 
the property plus the amount of irrigation applied to the property. 
 
− WUE, water use efficiency. The level of yield (e.g. milksolids or drymatter) per 
unit of water.
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CHAPTER 1 
GENERAL INTRODUCTION 
 
 
1.1 Overview of the New Zealand Dairy Industry 
 
Dairy farming is New Zealand’s largest pastoral industry and is the country’s biggest 
export earner, accounting for approximately 18% of New Zealand’s export earnings. New 
Zealand has approximately 12,000 dairy farms with 3.9 million dairy cattle on an 
estimated 1.4 million hectares of land (Dairy Insight, 2007). 
 
New Zealand dairy farming is primarily pastoral based which supports the low cost 
farming systems needed to survive in the tight economic constraints of agriculture in New 
Zealand with the absence of subsidies and incentives. Traditional dairy farming regions in 
New Zealand have been the Waikato and Taranaki areas in the North Island where a 
favourable climate with reliable rainfall and mild winter temperatures allow year round 
pastoral farming. With increased competition for land in the North Island and the 
opportunity to purchase cheaper land in the South Island, there has been an expansion of 
dairy farming into regions such as Canterbury, Otago and Southland. These are all areas 
which have not previously been renowned for their dairy farming climate or 
infrastructure.  
 
Just under half of the total New Zealand dairy herds are located in the Waikato and 
Taranaki regions although they only make up 40% of the total number of cows. The 
South Island has been the area of greatest recent expansion in dairying terms with dairy 
cattle numbers having increased from approximately 225,000 cows in 1981 to 1,155,000 
cows in 2006/07. The South Island has 20% of the national number of dairy herds and 
30% of the total cows with the average herd size being 505 compared to the North Island 
average herd size of 296 (Dairy Insight, 2007). 
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1.2 Irrigation in New Zealand  
 
The expansion of dairy farming into areas such as Canterbury and Otago which are 
characterised by dry summers has been made possible through the use of irrigation. 
Irrigation provides reliability of pasture production during months of inadequate rainfall 
to support the feed demand of high producing dairy cows. Intensification of dairy farming 
in traditional dairying areas such as Waikato and Taranaki has also led to the increased 
use of irrigation to protect against summer dry periods. Irrigated dairy land in New 
Zealand in 2002 totalled 158,337 hectares which, as shown in Figure 1 is approximately 
one third of the total irrigated land use (Doak et al., 2004) (Note: This level of irrigated 
dairy land is thought to have increased since 2002 when these statistics were gathered, 
updated statistics are due to be published in mid 2008 by Statistics New Zealand).  
Dairy
Other pastoral
Grain and seeds
Vegetables
Viticulture
Apples
Kiwifruit
Other
Stonefruit
Berryfruit
Flowers/Nurseries
Citrus
Other fruit
Lifestyle  
Figure 1. New Zealand land use with irrigation (data sourced from Doak et al. 
2004). 
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1.3 Dairy Farming and Irrigation in Canterbury 
 
The Canterbury climate is characterised by relatively low annual rainfall of 
approximately 700mm/yr, cold winters and hot dry summers leading to high levels of 
evapotranspiration. Dairy farming in Canterbury is very difficult without irrigation due to 
the expected dry summers resulting in low pasture growth. The need for irrigation is 
shown in Figure 2 below comparing the annual expected rainfall for Canterbury and 
Waikato where dairy farming is commonly practised without irrigation.  
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Figure 2. Expected annual rainfall for Canterbury (Ashburton) and Waikato 
(Hamilton) (source: NIWA National Climate database). 
 
Irrigation has allowed the conversion of what had been traditionally dry land sheep farms 
into intensive dairy farms across the Canterbury plains. Irrigation modifies the pasture 
production profile as shown in Figure 3. The pasture production curve is normally 
characterised by a large late spring peak, however with the presence of irrigation a more 
consistent growth curve to support milk production can be achieved.  
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Figure 3. Stylised pasture production profile for Canterbury irrigated and non-
irrigated pastures (Doak et al. 2004). 
 
Irrigated agricultural land in Canterbury accounts for 70% of the country’s total irrigated 
area. Because such a large proportion of New Zealand’s irrigated land is in the 
Canterbury region, increases in irrigation efficiency in Canterbury will significantly 
improve the total level of production from irrigation in New Zealand. 
 
1.4 Irrigation Systems 
 
There are several different types of irrigation systems used on dairy farms, ranging from 
the traditional border dyke systems that dominated early irrigation in Canterbury to 
modern spray type irrigation in the form of rotary boom and pivot irrigators. Rotary boom 
and pivot irrigation systems are now the most common irrigation systems on Canterbury 
dairy farms. The following pages give a brief description of the different irrigation 
systems that are common on dairy farms across Canterbury. 
 
1.4.1 Border Dyke 
 
The border dyke irrigation method is characterised by long, narrow rectangular strips 
separated by a series of parallel low ridges or borders which are flooded by the damming 
of the water headrace to divert the water into the border. Figure 4 illustrates border-strip 
irrigation.  
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Figure 4. Border dyke Irrigation 
 
Border dyke irrigation was the traditional method used on the majority of community 
irrigation schemes in New Zealand. Today, the number of new systems being installed is 
very low. This is partly because inadequate water supplies are available for the large 
volumes required by border dyke irrigation compared to spray irrigation systems and 
partly because the cost of construction on uneven soils is expensive (McIndoe, 2001).  
1.4.2 Rotary Boom 
 
During the last decade, McIndoe (2001) reported that rotary boom irrigators were the 
most widely used machines for irrigating pasture on dairy farms. Rotary boom irrigators 
spray irrigation water to the pasture via a rotating boom that usually rotates from the 
pressure of the water supply and the angle at which the nozzles release the water. The 
rotating boom works a ratchet system that slowly winches the irrigator across the 
paddock dragging the water hose behind it. Rotary boom irrigators come in a range of 
sizes that irrigate anywhere from 30m wide up to 110m wide. Figure 5 shows a rotary 
boom irrigator in operation. 
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Figure 5.  Rotary Boom irrigator in operation 
1.4.3 Pivot 
 
Pivot irrigation is a sprinkler type irrigation system where the sprinklers are normally on 
the end of drop hoses suspended above the ground via arcs suspended between towers. 
Water is usually pumped from the centre point of the irrigator where the irrigator rotates 
around. Each tower is on wheels which are individually driven by electric motors and are 
approximately 50 meters apart. Centre pivot irrigators can span up to 900m and are 
attractive to farmers due to their low requirement for labour, flexibility in water 
application rates and being able to water a large area quickly. A centre-pivot irrigation 
system is shown in Figure 6. Irrigation systems similar to centre pivot irrigation are 
available and are commonly known as lateral irrigation. These irrigators are identical to 
centre pivots except that both ends of the irrigator travel in synch rather than one end 
being fixed, allowing the irrigator to water rectangular areas rather than circular. 
 
  
7 
 
Figure 6. Centre Pivot Irrigation 
 
Often associated with pivot irrigation is a sprinkler system such as a K-line system or 
long lateral sprinklers shown in Figure 7. These sprinklers are used to water the areas of 
the farm such as the corners where the pivot irrigator is unable to reach. Sprinklers 
require manual daily shifting to cover the area that is to be irrigated. 
 
 
 
Figure 7. K-line sprinklers with long lateral sprinkler inset 
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1.5 Research Problem 
 
Within the Canterbury region there is increasing pressure on the allocation of the finite 
resource that is water. Currently there is very little data as to what levels of milksolids 
production from irrigation are being achieved and even less as to what levels of irrigation 
productivity farmers should be targeting. To increase productivity as defined by the 
Strategic Framework for New Zealand’s Future Dairy Farming (Dexcel, 2005), farmers 
need to increase outputs and/or decrease inputs. There is scope to increase productivity 
through irrigation because it is a relatively new phenomenon in New Zealand dairy 
farming with little work carried out on best management practices to maximise returns.  
 
The New Zealand Dairy industry has a goal of improving irrigation efficiency by 40% 
over the next 10 years (Dairy Environment Review Group, 2006). Establishment of water 
use targets and subsequent milksolids production from this water use will help towards 
achieving this goal. This research study quantifies the levels of milksolids (MS, milkfat 
plus protein) production from irrigation (measured in megalitres, ML, 1 ML = 1,000,000 
litres, which is equivalent to 100mm/ha) being achieved by what are believed to be ten of 
the ‘best irrigation practice’ Canterbury dairy farms. As a result of quantifying the 
highest levels of production from irrigation being achieved, benchmark targets will be 
established to assist other dairy farmers in evaluating and improving their milksolids 
production from irrigation.  
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1.6 Research Objectives and Questions 
 
The following are specific research objectives of the proposed study of best practice 
irrigating dairy farms: 
− What characterises best practice irrigation farms in terms of; irrigation systems, 
irrigation management and farm management and what are the subsequent costs 
and profits on such systems 
− Is there a difference between irrigation systems on best practice dairy farms in 
terms of kilograms of milksolids produced per unit of irrigation water 
− Establishment of best practice benchmarks of irrigation productivity for dairy 
farmers  
 
To meet the research objectives, this study addresses the following questions: 
− What are the current levels of irrigation (mm/ha) being applied on dairy farms in 
Canterbury by the best operators in terms of milk production from irrigation and 
how is this irrigation managed? 
− What levels of pasture production (kg DM/ha) are being achieved from irrigation 
under best management dairy systems?  
− What are the current levels of production (kg MS/ML) being achieved on best 
practice irrigated dairy farms and what is the influence of purchased feed, on this 
production?  
− What are the greatest levels of profit being achieved from irrigation in terms of 
$/ML irrigation? 
 
The research will provide examples of best practice and benchmarks which will allow 
farmers to increase their productivity from irrigation which will benefit both individual 
farmers and the wider community and economy. 
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1.7 Dissertation Outline 
 
This dissertation has been arranged into six main chapters as outlined below: 
 
Chapter 1. Introduction 
 
Chapter 2. Review of Literature – provides a review of available literature that is 
relevant to this study and illustrates how this study relates to this literature. 
 
Chapter 3. Methodology – describes what data was to be gathered and how this 
information was collected with the reasoning as to what technique was 
adopted and how the data was analysed. 
 
Chapter 4. Results – Presents the information gathered for each farm individually as 
well as summarizing all the farms in such a manner that any relationships 
can easily be described. 
 
Chapter 5. Discussion – Discusses the nature of the results displayed in chapter 4 and 
explains why such relationships may or may not exist. It also identifies 
areas that may have potential for further investigation. 
 
Chapter 6. Conclusions – Reiterates the take home messages from this research 
study. 
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CHAPTER 2 
REVIEW OF LITERATURE 
 
 
2.1 Water Use Efficiency 
 
Production from irrigation is often collectively termed water use efficiency (WUE). Water use 
efficiency has been defined in a number of ways, either in agronomic, economic or 
engineering based terms (Tanner & Sinclair, 1983). From an economic or farm management 
perspective, WUE is often defined as the ratio of a marketable unit of yield per unit of water 
used, e.g. kg of wheat grain or milksolids (MS) per mm water (Jensen et al. 1990). This 
concurs with Linehan et al. (2004) who suggested that WUE can be described as the amount 
of milksolids produced from pasture per megalitre of water (irrigation plus effective rainfall). 
WUE in this study refers to the level of milksolids per megalitre of water; this water is 
described and stated throughout as either irrigation water or total water (irrigation plus 
rainfall). 
 
2.2 Levels of Milk Production being achieved from Water use 
 
Studies focusing on WUE in terms of milksolids per unit of total water have found contrasting 
levels of production. From a random survey of irrigated dairy farms in northern Victoria and 
southern New South Wales, Armstrong et al. (2000) found that the top 10% of farms had a 
WUE of 100 kg MS/ML of total water. This provides a suitable benchmark for New Zealand 
dairy farms as they would be expected to be able to produce similar production from total 
water use as their Australian counterparts. However, this Australian study contrasted to a New 
Zealand report by Greer (1999) who reported productivity from irrigation water only, on 
Canterbury and Otago border dyke dairy farms to have a WUE that ranged from 140 kg 
MS/ML up to 860 kg MS/ML applied water with a mean of 310 kg MS/ML. The findings of 
this study are summarized in Figure 8 on the following page.  
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Figure 8. Effect of amount of irrigation water applied and type of irrigation system on 
milk solids (MS) production in Canterbury (data from Greer 1999). 
 
The findings by Greer (1999) seem to be unreliable as the levels of milksolids production 
from irrigation quoted for the three best farms are only achievable if farm production is 
greater than 5,000 kg MS/ha. Such levels of production are unachievable under the conditions 
of the farms included. With doubt as to the reliability of the data presented in this study, and 
the exclusion of pivot irrigation due to this study being conducted in 1999, before pivot 
irrigation was common place in New Zealand, this highlights the lack of reliable data for the 
most dominant areas of irrigation in New Zealand.  
 
A study of irrigation productivity on Canterbury dairy farms completed by Wells et al. (1998) 
from 1996 to 1998 reported a large range in irrigation productivity of 30 to 140 kg MS/ML of 
irrigation. This study included 4 farms; a traditional border dyke combined with gun irrigation, 
a newly converted dairy farm with wide borders, a rotary boom irrigation farm and a centre 
pivot farm. A similar type of study of two Canterbury dairy farms by McIndoe (1999) 
comparing a towable pivot irrigation system and border dyke irrigation system found the 
productivity from irrigation water to be 200 kg MS/ML (applied water) and 42 kg MS/ML 
respectively. The generalisation of the data reported in these two studies as a representative 
sample of Canterbury dairy farms is questionable. The large range in data provides limited 
conclusions or recommendations as to levels of productivity Canterbury dairy farmers should 
be aiming for. The researcher identifies from these previous studies discussed, the potential for 
more detailed best practice benchmarks for milksolids productivity from irrigation water and 
correspondingly total water (irrigation plus rainfall) for Canterbury dairy farmers. 
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2.3 Factors affecting production from water use  
2.3.1 Irrigation factors 
 
This study is aimed at improving the productivity of irrigation on New Zealand dairy farms. 
Martin et al. (2006) suggested that there are a number of ways in which irrigating farmers can 
improve their pasture produced per mm of water applied, these are outlined below: 
− Apply water more evenly 
− Avoiding over-application of irrigation  
− Irrigation scheduling  
− Using other forage species 
 
Rout (2003) also found that applying water more evenly improved production from irrigation. 
From the study of irrigating dairy farms in the Reporoa Basin, Rout (2003) reported that for 
every percentage increase in application uniformity (i.e. whether the area covered by the 
irrigator is all receiving the same level of irrigation, 100% = all area receiving exactly the 
same amount), there is an increase of approximately 25kgDM/ha.  
 
Accurate scheduling of irrigation events is important in achieving maximum levels of 
production from irrigation. This was shown by Ward et al. (1998) who reported that irrigating 
a dairy pasture in south west Victoria with only 70% of its estimated evapotranspiration (ET-
R) requirement reduced pasture drymatter yields by over 50% relative to one receiving 100% 
of ET-R. Ward et al. (1998) also found in the same study that an excessively long irrigation 
interval where the pasture was moisture stressed for 3-4 days each irrigation cycle reduced the 
water use efficiency (DM/ML of irrigation water) of the pasture by over half. This is 
important in a Canterbury context where the available water holding capacity (AWHC) of the 
soils under irrigation systems with long return intervals is often insufficient to store enough 
water until the next irrigation event.  
 
Optimising the frequency of irrigation was suggested by Bethune & Wang (2004) as one 
option available to farmers for improving irrigation management and hence increasing 
production from irrigation. Bethune & Wang (2004) found that under border dyke irrigation 
in south-eastern Australia, irrigating when evaporation minus rainfall (E-R) was 80mm had a 
greater depth of effective irrigation (59mm/event) than when E-R was 50 mm (49mm/event). 
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However, they also found that the increased filtration per event in E-R 80mm was insufficient 
to compensate for the reduced frequency of irrigation compared to the E-R 50mm irrigation 
(11 v 17 irrigations per year respectively). Similar findings were reported by Jacobs & Ward 
(2004) who showed that weekly spray irrigation treatment in south west Victoria resulted in 
double the yield of perennial ryegrass from 5.41t/ha on dryland treatment to 12.71t DM/ha for 
full irrigation weekly and 9.41t DM/ha for 50% irrigation weekly.  
 
The literature described above suggests that to maximise levels of production from irrigation, 
the irrigation system needs to be able to apply irrigation water frequently to the entire farm. 
However this is not always possible for a number of reasons; limited supply or consent to 
extract irrigation water can prevent such irrigation management. Ward et al. (1998) suggested 
that where water supplies are limited, it is more effective in terms of total drymatter grown to 
fully irrigate a smaller area of pasture rather than deliberately under-irrigate a larger area. 
Reducing the irrigated area can achieve full irrigation to the remaining area. Alternatively, the 
inclusion of other forage species such as Lucerne or Brassica crops which require less water 
allow for adequate irrigation to the remaining area.  
2.3.2 Farm Management Factors 
 
McKenzie, Jacobs & Ward (2006) found that the use of nitrogen fertiliser improved pasture 
WUE of irrigation water in southwest Victoria, regardless of the amount of nitrogen applied 
per application. Nitrogen applied at 25 kg/ha per grazing and 50 kg/ha every second grazing 
gave the best response efficiencies of between 10 to 19 kg DM/kg N. These N rates also 
proved to be the most economical costing between $73 and $135/t DM consumed (assuming 
Urea cost $600/t applied). The greatest improvement in WUE compared to the control was at 
75 kg N/ha every grazing although the reduction in N response efficiencies and potential 
environmental impacts should also be considered. At 75 kg N/ha per grazing the cost was 
$166/t DM consumed. 
 
This relationship between increased nitrogen use and production from irrigation is consistent 
with work done by Bethune & Wang (2004). In a study of border dyke irrigation in south-
eastern Australia they concluded that increased WUE from additional pasture growth could be 
achieved through an increased fertiliser regime rather than increasing the level of water 
applied.  
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Pasture management and its subsequent affect on pasture growth also effects the relative 
production from irrigation. McKenzie et al. (2006) found that extending the grazing rotation 
length from 14-21 days out to the three-leaf stage of ryegrass development (21-28 days) 
resulted in more efficient Nitrogen responses and consequently the conversion of a fixed 
amount of water (irrigation plus rainfall) into pasture DM. This indicates that milksolids 
production from water use is a result of a number of complex systems and interactions rather 
than simply the performance of the irrigation system. Farm management factors and 
subsequent effects on productivity are major contributors to the level of milksolids production 
from water. This was evident in the study by Wells et al. (1998) where the most productive 
farm in terms of MS/ML water applied had the highest production of MS per ha which is not 
just a consequence of irrigation performance but is one contributing factor.  
 
2.4 Characteristics of Irrigation systems 
2.4.1 Border dyke 
 
Findings by Greer (1999) suggesting that border dyke irrigation had a greater milksolids 
production per megalitre of irrigation than the rotary boom irrigation is inconsistent with 
other literature. Wood & Finger (2006) showed that sprinkler irrigation in northern Victoria 
increased perennial pasture production by 10% compared to border dyke irrigation, a trend 
that is thought to also occur under New Zealand conditions.  
 
Deep drainage can be potentially high under the border dyke irrigation system because it 
allows only limited control over the depth of water applied in each irrigation event (Bethune 
& Wang, 2004). This was supported by Wood & Finger (2006) who reported that drainage 
and evaporation were greater for border-dyke than sprinkler irrigation. For these reasons, 
heavy soils are regarded as the most suitable for border-strip irrigation. In recent times the use 
of laser level technology has improved the rate and consistency of border-dyke irrigation and 
this irrigation practice still remains a low-cost option on many farms within Canterbury today. 
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2.4.2 Rotary Boom and Centre Pivot Irrigation 
 
The introduction of spray type irrigation systems has led to higher production on farm but has 
also led to an increase in both capital and operating costs. In the last ten years, the price of 
electricity has increased by 50% (Statistics New Zealand, 2006). This is an important factor 
with the rotary boom and centre-pivot irrigation systems that dominate dairy farm irrigation 
being dependant on electricity.  
 
Spray irrigation is viewed by many to be more effective in terms of growing pasture from 
irrigation water than traditional border dyke irrigation although they are not without their own 
problems. Wind can affect the rotation rate of rotary boom irrigators which in turn affects the 
travelling speed of the irrigator meaning more water may be applied than desired. Bloomer 
(2007) showed that the application rate of rotary boom irrigators can vary up to 100% across a 
single run. The speed at which the irrigator travels can be altered but not as much as machines 
with independent drive. This is because the rotary boom irrigators will not operate at low 
pressure thus they are not often used where light applications of water are required. 
 
Centre-pivot type irrigators can also have problems with application uniformity, especially the 
larger sized ones of over 600-700m. This is due to the large amount of water that needs to be 
applied by the end sprinklers as a result of the speed at which it is travelling at the end 
compared to the centre. End arms can also impact on the performance of centre-pivot 
irrigators due the large amounts of extra water that are required. This can often result in a 
drop in application rate of the entire irrigator due to a reduction in water pressure (Bloomer, 
2007). 
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2.5 Limitations in the Literature and how this study aims to fill 
these limitations 
 
From the discussed literature, we know that spray irrigation is able to produce more 
milksolids per unit of water as compared to border dyke irrigation. We also know that a 
number of both irrigation factors and farm management factors influence subsequent 
milksolids production from irrigation and total water use. However, the overwhelming 
majority of the literature is Australian based and has focused on the more common border 
dyke irrigation systems that dominate the dairying areas of Australia.  
 
There is very little reliable recent data that profiles what levels of milksolids production is 
being achieved from irrigation and can be applied as targets for irrigating dairy farmers in 
New Zealand. With the New Zealand Dairy industry having a goal of improving irrigation 
efficiency by 40% over the next 10 years (Dairy Environment Review Group, 2006) there is 
an opportunity to provide initial benchmark data to help achieve such goals.  
 
With the Canterbury region accounting for 70% of the country’s irrigation, this is a likely area 
to begin to improve irrigation productivity and begin to head towards the increase in 
efficiency as stated by the Dairy Environment Review Group (2006). An increase in irrigation 
efficiency and productivity will reduce unnecessary costs to farmers as well as conserving the 
vital public resource that is fresh water. 
 
To be able to achieve these outcomes, this research study aims to profile best practice dairy 
farms in the Canterbury region in terms of maximising milk production from irrigation. From 
data collection and analysis in this study, the creation of benchmark performance levels will 
fill the gap to give farmers a target to achieve, strategies to accomplish such targets as well as 
provide a framework for future related studies. 
  
18 
CHAPTER 3 
METHODOLOGY 
 
 
3.1 Introduction 
 
A qualitative research approach involving 10 case studies was used for this particular study. 
The aim was to include at least three case studies for each different irrigation system (e.g. 
border dyke, rotary boom, centre pivot) with information obtained from each case study in the 
form of a detailed interview. 
 
The case studies were limited to dairy farming in the mid-Canterbury region with the 
exception of the Lincoln University Dairy Farm (LUDF). It was intended to have as many of 
the selected farms in the Rangitata Diversion Race (R.D.R) as possible as these farms were 
thought to have more reliable data than some of the private schemes. The LUDF was included 
as it has reliable data and was thought to provide a good benchmark for the rest of the data. 
 
3.2 Case Study Approach 
 
A case study approach was proposed as a suitable method for this research as the objectives 
align with literature such as Eisenhardt (1989) who suggested that the case study approach is 
a research strategy which focuses on understanding the dynamics present within single 
settings. This fits with the aspirations of this study in that it aims to analyse the performance 
of irrigation systems within individual farms and then compare and contrast these findings to 
build theory.  
 
Further backing for a case study approach comes from Holmes (2006) who stated that the best 
farmers will always be better at designing and operating dairy systems than researchers or 
extension workers. This reinforces this research method as opposed to an alternative such as 
an experimental approach. Such an approach with different irrigation regimes and modelling 
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the level of milksolids could be potentially produced is very achievable but does not meet the 
objectives of the proposed study. This study aims to quantify the highest levels of milksolids 
production being generated from irrigation on Canterbury dairy farms to provide benchmark 
targets for farmers. 
 
A case study method will give this study validity in the farming community as it is based on 
real life examples. Farmers respect what their peers are achieving perhaps more so than 
simulated or controlled trials due to the difficulties often faced when transferring these 
conditions and techniques onto a farm size scale and situation. Seeing someone else achieve 
results gives farmers optimism that if someone else can do it then they can achieve similar 
results themselves.  
 
3.3 Selection of Farms 
 
The selection of farms to complete this study had a major influence on the effectiveness of the 
proposed study. A similar type of study in Canterbury by Wells et al. (1998) reported that 
their greatest difficulty in conducting their study into field testing indicators of sustainable 
irrigated agriculture was measuring water flows, with none of the six farms that were 
involved having systems amenable to installation of a single flow meter. For reasons such as 
this, purposive sampling was used to help ensure suitable farms were selected. This nature of 
sampling fits with the theory by Davidson & Tollich (1999) who state that in qualitative 
research, samples are drawn not according to probability theory (random selection), but from 
‘essential and typical’ units.  
 
Purposive selection of best irrigation management farms in terms of achieving the highest 
level of milk production from irrigation was supported by local rural professionals who were 
deemed to have a good understanding of a range of farms in the district. Selection was based 
primarily on being best practice in terms of production achieved from irrigation and the 
availability of irrigation related information.  
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3.4 Interviews 
 
Interviews were an integral component of the case study approach of this study. Personal 
interviews were used as opposed to surveys founded on questionnaires or telephone calls. 
Verwoerd (2007) suggested the following advantages of this technique: 
• Much higher return rate 
• Qualitative and quantitative information can be gained 
• Probes can be used 
• Encourages truthful, complete and thoughtful answers 
 
For each case study, a detailed interview was carried out which included all relevant physical 
and financial information required to quantify the level of milksolids production from 
irrigation. Relevant financial information was required to calculate the cost of irrigation 
enabling a comparison of costs and profitability between farms and irrigation systems. 
 
3.5 Data Collection 
 
This study was qualitative research based around semi-structured interviews. From these 
qualitative interviews, a significant amount of quantitative data was gathered. A copy of the 
questionnaire upon which the interview was based is found in the appendices. In creating 
benchmark figures for the productivity of farm irrigation systems when described as kg 
MS/ML irrigation the following information was gathered: 
− Volumes and timing of irrigation events 
− Costs of operating irrigation 
− Purchased feed and bought in feed from support land including nitrogen 
− Milksolids production 
− Drymatter harvested under irrigation 
 
This information was the base of the data set which was complemented by an understanding 
of the farming operation through farm visits. It was intended to gather this information for a 
minimum period of at least three years to diminish the effects that ‘abnormal’ years may have 
on the results.  
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3.6 Analysis 
 
Accurate and useful analysis of the collected data was important to not only give validity to 
this study but also to do due justice to the information and valuable time provided by the 
farmers involved. 
 
Eisenhardt (1989) suggested a key step of analysing data from case studies is ‘within-case 
analysis’. This method of analysis is important to cope with the staggering volume of data that 
a case study approach often generates. The within-case analysis for this study involved 
working towards the creation of key performance indicators (KPIs) for each farm. The main 
KPIs involved in this study were drymatter harvested per megalitre of water; milksolids 
produced per megalitre of water including the effect of supplementary feed and irrigation 
costs associated with applying water. The calculations of these KPIs can be found on page 22 
and 23 under Chapter 4, Results.  
 
The use of KPIs for each case study then allowed another analytical technique as suggested 
by Eisenhardt (1989); searching for cross-case patterns. By comparing KPIs of individual 
case studies insight was gained as to how some farmers are achieving high levels of 
milksolids production from irrigation whilst others may not.  
 
3.7 Confidentiality Issues 
 
The data collected from individual interviews for each farm contained financial as well as 
physical information that may be confidential to the farmers involved. For this reason, efforts 
were made to prevent the reader from being able to identify the farms and farmers involved. 
This included attempting to exclude actual cow numbers and hectares and instead use figures 
on a per cow or per hectare basis. Although every effort has been made to conceal the 
identities of the farms and farmers involved, the researcher acknowledges that these may 
become void in circumstances where the reader has a very close acquaintance with a 
particular farm. These potential issues were made aware to the participants of the study.
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CHAPTER 4 
RESULTS 
 
 
4.1 Introduction  
 
This chapter profiles the 10 farms that were involved in this study, with each farm 
designated a letter to enhance confidentiality. The Lincoln University Dairy Farm 
(LUDF) has been publicised because all the information gathered is publicly available 
and it is useful to the reader to be able to compare the other farms against it. 
 
Following the profile of each farm’s individual performance there are a series of graphs 
and tables that identify the level of production from irrigation and relationships between 
farming operations and irrigation productivity. 
 
All the farms involved had a similar soil fertility status at levels expected for an irrigated 
Canterbury dairy farm as follows: 
− pH:   5.8-6.3 
− Olsen P:   30-40 
− Quick test K:  6-8 
− Sulphate S: 7-15 
 
Replacement stock for all the properties involved were grazed off the dairy platform with 
calves leaving approximately on the 1st of December every year. All farms have 80-100% 
of their cows wintered off for a varying length of time. This has been included in the 
calculation of drymatter harvested on the dairy platform for each property; the template 
for this is included in the appendices.  
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Irrigation productivity was calculated by taking the total production (kg MS) produced on 
the dairy farm and dividing by the total amount (ML, megalitres) of irrigation applied to 
the farm for that season. Productivity is also described per megalitre of total water; this is 
the level of production per megalitre of irrigation and rainfall (farmers recordings or 
NIWA National Climate Database records) combined. 
 
When irrigation productivity is described excluding purchased feed, this refers to the 
level of productivity (kg MS/ML) when the influence of purchased feed has been 
excluded. This has been calculated on the level of purchased feed as a percentage of total 
feed, e.g. If total production is 100,000 kg MS with 20% purchased feed, the new total 
excluding the impact of purchased feed is 80,000 kg MS. It is this new total divided by 
the water used for that season that gives the level of productivity excluding purchased 
feed. 
 
Irrigation operating cost is the variable cost of applying a litre of water, this includes 
electricity, water charges and repairs and maintenance. This has been expressed as 
irrigation operating cost per megalitre of irrigation applied for each year. The total cost of 
irrigation is the operating cost of irrigation plus the cost of capital for the irrigation 
system. This cost of capital has been calculated at 9% of the capital cost of the irrigation 
system. The capital cost was worked on a per hectare basis and was the same for farms 
with the same irrigation system. This capital cost was assumed to be $2,000/ha for border 
dyke and rotary boom irrigation whilst pivot irrigation was $2,500/ha, these costs were 
generated from actual costs gathered from farmers in the study.   
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4.2 Farm ‘A’ – Lincoln University Dairy Farm 
4.2.1 Overview 
 
The Lincoln University Dairy Farm (LUDF) operates one of the highest performing dairy 
farms in the Canterbury region in terms of pasture harvested and milk production without 
the use of large quantities of purchased supplementary feed. LUDF has operated a 
stocking rate of 4.21 cows/ha for the past 3 seasons achieving 1730 kg MS/ha over this 
period of time. 
 
Two centre pivots irrigating 127ha dominate the irrigation system of the LUDF with the 
remaining 34ha being irrigated with long line lateral sprinklers and a K-line system. 
 
4.2.2 Physical Characteristics and management of the LUDF 
 
There are four main soil types on the property made up as follows: 
− 45% Paparua and Templeton soils (deep sandy soils, AWHC = 120mm) 
− 30% Wakanui soils (imperfectly drained soils AWHC = 170mm) 
− 20% Temuka soils (heavy, poorly-drained soils AWHC = 150mm) 
− 5% Eyre soils (free-draining shallow stony soils AWHC = 65mm) 
 
Expected annual rainfall of 666mm. 
 
Total nitrogen use for the property has been 200kg N/ha/year for the past three seasons 
with eco-n nitrification inhibitor being applied to 80 ha over this same period of time.  
 
Water use on LUDF is measured by water meters and is believed to be accurate. 
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4.2.3 Irrigation Productivity Indicators 
 
Table 1. Summarized Irrigation productivity indicators for the LUDF.  
  
2004/05 2005/06 2006/07 Average 
kg MS/ha 1719 1772 1703 1731 
Total mm irrigation applied 438 493 363 431 
Total mm water (irrigation + rainfall) 1063 942 1238 1081 
Purchased feed % of total feed 14% 15% 15% 15% 
DM harvested (t/ha) 15.9 16.1 16.0 16.0 
t DM harvested/ML irrigation 3.63 3.27 4.41 3.77 
t DM harvested/ML total water 1.50 1.71 1.29 1.50 
kg MS/ML irrigation 392 359 469 407 
kg MS/ML total water 162 188 138 162 
kg MS/ML irrigation exc purchased feed 336 307 400 348 
kg MS/ML total water exc purchased feed 138 161 117 139 
Irrigation operating cost/ML  $        70   $        64   $        92   $         75  
Total Irrigation cost (incl capital)/ML  $      127   $      115   $      161   $       134  
EBIT/kg MS  $     1.61   $     1.33   $     1.63   $      1.52  
EBIT/ML irrigation  $      632   $      478   $      763   $       624  
EBIT/ML total water  $      260   $      250   $      224   $       245  
 
4.2.4 Irrigation management factors of the LUDF 
 
The LUDF has consents in place to apply 5.5mm per day with no total limit as to the 
amount of water that can be applied in an entire season. This consent poses no restrictions 
to the irrigation management of the property. The common practice for irrigating on the 
LUDF is to apply 5.5mm in one rotation over 24 hours, although the system is able to 
apply this level of irrigation in 20.8 hours if desired. 
 
Since 2005/06, irrigation has been initiated on the basis of soil moisture monitoring by 
neutron probes which has been performed by a contractor.  
 
The labour required to shift the sprinkler irrigation systems on areas that the centre pivot 
does not reach takes approximately 1 hour and 50 minutes per day. 
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4.3 Farm ‘B’  
4.3.1 Overview 
 
Farm ‘B’ has produced an average of 1,375 kg MS/ha/year from a stocking rate of 3.27 
cows/ha for the three seasons from 2004/05 to 2006/07.  The farming system incorporates 
approximately 645kg DM/cow of purchased supplementary feed in the form of grass 
silage and ryegrass straw. 
 
The property is entirely border dyke irrigation with a range of traditional 12.2m width 
borders with individual sills through to laser levelled 36.6m borders with lowered full 
border width sills to speed up the rate of irrigation. 
 
4.3.2 Physical Characteristics and management of Farm ‘B’ 
 
The property consists of Lismore stony silt loam and Mayfield silt loam. Although these 
soils vary across the property in terms of available water holding capacity the average is 
towards the better end of the scale for these soils at around 80-100mm 
 
Expected average annual rainfall is 740mm usually spread evenly throughout the year. 
 
Total nitrogen use for the property is approximately 180kg N/ha/yr. Nitrogen is applied 
as either Urea or Ammonium Sulphate with 31% Nitrogen. Eco-N has not been used on 
the property. 
 
The level of irrigation applied was worked out on the number of waterings each year with 
the average application per watering being 83mm. 
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4.3.3 Irrigation Productivity Indicators 
 
Table 2. Summarized Irrigation productivity indicators for Farm ‘B’. 
  2004/05 2005/06 2006/07 Average 
kg MS/ha 1299 1415 1412 1375 
Total mm irrigation applied 750 750 670 723 
Total mm water (irrigation + rainfall) 1521 1350 1499 1457 
Purchased feed % of total feed 21% 22% 21% 21% 
DM harvested (t/ha) 11.6 12.3 12.3 12.1 
t DM harvested/ML irrigation 1.55 1.63 1.84 1.67 
t DM harvested/ML total water 0.77 0.91 0.82 0.83 
kg MS/ML irrigation 173 189 211 191 
kg MS/ML total water 85 105 94 95 
kg MS/ML irrigation exc purchased feed 136 148 167 150 
kg MS/ML total water exc purchased feed 67 82 75 75 
Irrigation operating cost/ML  $           6   $           6   $          7   $          6  
Total Irrigation cost (incl capital)/ML  $         30   $         30   $        34   $        31  
 
4.3.4 Irrigation management factors of Farm ‘B’ 
 
Farm ‘B’ has the standard consent as part of the Ashburton Lyndhurst Irrigation Scheme 
(which is one of the three schemes of the R.D.R.) which equates to a water supply of 
230l/sec/40 ha for 12 hours every week (e.g. every week 40 ha could receive 230l/sec x 
43,200sec = 9,900,000 l). This equates to consent to apply an average of 3.5mm/day of 
irrigation.  This level of consent can vary throughout the year pending restrictions on the 
irrigation scheme which are dependent on minimum flow rates of the Rangitata River. 
 
Irrigation is initiated on a personal judgement basis and the use of local data from the 
Winchmore research station on the levels of rainfall and evapotranspiration. Irrigation 
events normally apply approximately 83mm/event with the rotation between events 
varying from 21 to 24 days. The higher the moisture content of the soil, the faster the 
watering of the soil occurs because not as much moisture has to be absorbed by the soil. 
An average rate of watering for 83mm/event on the property is approximately 1ha/hr.  
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4.4 Farm ‘C’ 
4.4.1 Overview 
 
Farm ‘C’ has produced an average of 1412 kg MS/ha at a stocking rate of 3.03 cows/ha 
for the 2004/05 to 2006/07 seasons. Purchased supplementary feed was approximately 
600 kg DM/cow for the 2004/05 and 2005/06 seasons with an increase to 820 kg 
DM/cow for the 2006/07 season.  
 
Farm ‘C’ was originally fully border dyke irrigated with a change to 73% centre pivot, 
23% rotary boom and 4% sprinkler irrigation for the 2006/07 season. The centre pivot 
irrigation was operational for approximately half of the 2005/06 season. 
 
4.4.2 Physical Characteristics and management of Farm ‘C’ 
 
The soil type on the property is Mayfield silt loam with an AWHC of 115-150mm. 
 
The expected annual rainfall is believed to be similar to that of the Winchmore research 
station of 740mm. 
 
Total nitrogen use for the property has been 200kg N/ha/year for the 2004/05 and 
2005/06 seasons with a reduction to 180 kg N/ha/year for the 2006/07 season. Nitrogen is 
applied mainly as Urea but also as Sulphate of Ammonia. 
 
In autumn of the 2006/07 season, eco-n nitrification inhibitor was applied to 40 ha of the 
property.   
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4.4.3 Irrigation Productivity Indicators 
Table 3. Summarized Irrigation productivity indicators for Farm ‘C’. 
  
2004/05 2005/06 2006/07 
kg MS/ha 1365 1392 1480 
Total mm irrigation applied 700 700 410 
Total mm water (irrigation + rainfall) 1471 1300 1239 
Purchased feed % of total feed 22% 22% 25% 
DM harvested (t/ha) 12.0 12.0 12.4 
t DM harvested/ML irrigation 1.71 1.72 3.02 
t DM harvested/ML total water 0.82 0.93 1.00 
kg MS/ML irrigation 195 199 361 
kg MS/ML total water 93 107 119 
kg MS/ML irrigation exc purchased feed 153 154 271 
kg MS/ML total water exc purchased feed 73 83 90 
Irrigation operating cost/ML  $          5   $          9   $        26  
Total Irrigation cost (incl capital)/ML  $        31   $        35   $        76  
 
The 2006/07 season is characterised by the change from border dyke irrigation to the 
pivot and rotary boom irrigation system. For this reason, an average has not been able to 
be compiled across the three seasons. 
4.4.4 Irrigation management factors of Farm ‘C’ 
 
Farm ‘C’ is part of the Ashburton Lyndhurst irrigation scheme and holds the standard 
consent as described in farm ‘B’ which equates to 3.5mm/ha/day. Under border dyke 
irrigation, the average amount of irrigation water applied was approximately 
700mm/year. In the first season (2006/07) of the new irrigation system, irrigation applied 
was approximately 410mm. However it should be noted that this season was 
characterized by 100mm above average rainfall and was classed by farmers to be an 
abnormally wet season. A deep well is present on the property to supply irrigation water 
with the capacity to take the water supply from 3.5mm/ha/day up to 5.0mm/ha/day 
although this has not been used as yet.  
 
Irrigation is initiated on experience and feel for the moisture conditions on the property 
rather than strict soil moisture monitoring using specialized equipment. The border dyke 
irrigation used to apply 85mm per event on an average 24 day rotation. Under the new 
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spray irrigation systems, 20mm is applied every six days under the centre pivot and 
50mm every 14 days under the rotary boom irrigation. 
 
Labour required for the rotary boom irrigations is 1hr/day of irrigation (which is 7 out of 
14 days) and ½ an hour per day for the 7 ha of sprinkler irrigation. 
4.5 Farm ‘D’  
4.5.1 Overview 
 
Farm ‘D’ is a border dyke irrigated property that has consistently achieved 1350 kg 
MS/ha from 2004/05 to 2006/07. This is achieved at a stocking rate of 3.29 cows per ha 
with approximately 500 kg DM/cow of purchased supplement.  
 
Border dyke irrigation covers 90% of the property and is predominantly all upgraded 
wide borders with most 36m wide although there is a range from 30m up to 50m. The 
remaining 10% of the property is irrigated by long line sprinklers.   
4.5.2 Physical Characteristics and management of Farm ‘D’ 
 
The main soil type on the property is a Lismore stony silt loam with approximately 70 
mm AWHC. 
 
Expected average annual rainfall is 740 mm. 
 
Total nitrogen use for the property is limited to 200kg N/ha/year for the past three 
seasons in the form of Urea. The use of DCn nitrification inhibitor from Ballance Agri-
nutrients occurs at stages during summer dry periods to reduce volatilization of the 
applied Urea.  
 
Irrigation applied is based on seven to eight waterings per year at an application rate of 
approximately 80mm. 
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4.5.3 Irrigation Productivity Indicators 
 
Table 4. Summarized Irrigation productivity indicators for farm ‘D’. 
 
  
2004/05 2005/06 2006/07 Average 
kg MS/ha 1352 1357 1352 1354 
Total mm irrigation applied 640 640 560 613 
Total mm water (irrigation + rainfall) 1411 1240 1389 1347 
Purchased feed % of total feed 20% 20% 20% 20% 
DM harvested (t/ha) 12.2 12.2 12.2 12.2 
t DM harvested/ML irrigation 1.90 1.90 2.17 1.99 
t DM harvested/ML total water 0.86 0.98 0.87 0.91 
kg MS/ML irrigation 211 212 241 222 
kg MS/ML total water 96 109 97 101 
kg MS/ML irrigation exc purchased feed 170 170 194 178 
kg MS/ML total water exc purchased feed 77 88 78 81 
Irrigation operating cost/ML  $          7   $              7   $      8   $          7  
Total Irrigation cost (incl capital)/ML  $         35   $            35   $     40   $        37  
 
4.5.4 Irrigation management factors of farm ‘D’ 
 
Irrigation management of farm ‘D’ is based around consent to take water from the 
Ashburton Lyndhurst Irrigation scheme which allows a water take that equates to an 
allocation of approximately 3.5mm/ha/day. The average length between irrigation events 
for an area is approximately 23 days from a watering rate estimated to be less than 1 
ha/hr.  
 
Initiation of irrigation is based on knowledge of the farm and its water holding 
characteristics along with current weather patterns rather than strict soil moisture 
monitoring. Soil temperature also influences whether irrigation will occur with irrigation 
not initiated if soil temperature is below 8°C. Irrigation normally occurs from late 
September through to early April with the farm receiving on average seven to eight 
waterings per year. 
  
The labour requirement for irrigation is estimated to be 1.5 hours/day of irrigation. 
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4.6 Farm ‘E’  
4.6.1 Overview 
 
Farm ‘E’ has produced an average of 1640 kg MS/ha/year from a stocking rate of 4.12 
cows/ha for the three seasons from 2004/05 to 2006/07.  Although focused on post-
grazing residuals, Farm ‘E’ differs from the LUDF in that target residuals are 1600-
1700kg DM/ha. The farming system incorporates approximately 24% of the cow’s diet as 
purchased supplementary feed. 
 
Farm ‘E’ has a winter milk contract with approximately 350 cows’ winter milked every 
year, mainly from autumn calving. 
 
One large centre pivot dominates the farm irrigation and along with a smaller half centre 
pivot, pivot irrigation covers 82% of the farm.  The remaining 18% of the farm is 
irrigated by hard hose guns and long line sprinklers. 
 
4.6.2 Physical Characteristics and management of Farm ‘E’ 
 
There are three main soil types on the property made up as follows: 
− 50% Waimak silt (AWHC ≈ 55mm) 
− 30% Templeton soils (AWHC ≈ 100mm) 
− 20% Waimak stony soils (Very low AWHC < 25mm) 
 
Expected average annual rainfall is 800mm. Irrigation applied was based on the number 
of days irrigated at 4.3mm/day. 
 
Total nitrogen use for the property has been 48, 29 and 24 kg N for the seasons from 
2004/05 to 2006/07 respectively. This is applied in the form of Sulphate of ammonia in 
July only. Fertiliser management is focused on optimizing calcium and magnesium levels 
in order to improve soil structure and health. 
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4.6.3 Irrigation Productivity Indicators 
 
Table 5. Summarized Irrigation productivity indicators for Farm ‘E’. 
 
  
2004/05 2005/06 2006/07 Average 
kg MS/ha 1578 1769 1566 1638 
Total mm irrigation applied 860 860 645 788 
Total mm water (irrigation + rainfall) 1681 1684 1505 1623 
Purchased feed % of total feed 27% 26% 28% 27% 
DM harvested (t/ha) 13.6 14.4 13.1 13.7 
t DM harvested/ML irrigation 1.58 1.68 2.03 1.76 
t DM harvested/ML total water 0.81 0.86 0.87 0.84 
kg MS/ML irrigation 184 206 243 211 
kg MS/ML total water 94 105 104 101 
kg MS/ML irrigation exc purchased feed 135 152 174 153 
kg MS/ML total water exc purchased feed 69 77 75 74 
Irrigation operating cost/ML  $        41   $        41   $      53   $      45  
Total Irrigation cost (incl capital)/ML  $        88   $        88   $    116   $      97  
 
4.6.4 Irrigation management factors of Farm ‘E’ 
 
Farm ‘E’ has consent to apply 5mm/day although the farm currently applies 
approximately 4.3mm/day. Irrigation events apply approximately 15mm/event with a 3.5 
day rotation of the pivot. The labour required to shift the 67ha that is not irrigated by the 
pivot requires approximately 1.5 hours per day. 
 
Irrigation is initiated on the basis of soil moisture monitoring by Aquaflex soil moisture 
meters on the property. The trigger point to initiate irrigation is when 28% of the soils 
volume is water, with the point to cease irrigation being 36%.   
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4.7 Farm ‘F’  
4.7.1 Overview 
 
Over the three seasons from 2004/05 to 2006/07, farm ‘F’ has produced an average of 
1,431 kg MS/ha from a stocking rate of 3.68 cows/ha. Purchased supplementary feed is a 
mixture of Maize silage, whole crop cereal silage, grass silage and Parm Kernel Expeller 
meal (PKE) totalling approximately 420 kg DM/cow/year. 
 
Irrigation on the property is a mixture of border dyke and centre pivot irrigation. The 
farm is currently 70% centre pivot and 30% border dyke irrigation. 
 
4.7.2 Physical Characteristics and management of Farm ‘F’ 
 
Farm ‘F’ is predominantly a Lismore Stony silt loam soil with an AWHC of 
approximately 50mm.  
 
Average rainfall expected for the property is approximately 732mm per year. 
 
Nitrogen is applied as Urea with total Nitrogen use approximately 230 kg N/ha year. 
 
Irrigation applied is thought to average around 500mm under the pivot irrigation system 
and 800-900 under the border dyke system. The accuracy of this data is unknown. 
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4.7.3 Irrigation Productivity Indicators 
 
Table 6. Summarized Irrigation productivity indicators for Farm ‘F’. 
  
2004/05 2005/06 2006/07 Average 
kg MS/ha 1542 1328 1423 1431 
Total mm irrigation applied 650 650 500 600 
Total mm water (irrigation + rainfall) 1412 1412 1262 1362 
Purchased feed % of total feed 20% 18% 20% 19% 
DM harvested (t/ha) 14.0 12.4 12.6 13.0 
t DM harvested/ML irrigation 2.16 1.91 2.53 2.20 
t DM harvested/ML total water 0.99 0.88 1.00 0.96 
kg MS/ML irrigation 237 204 285 242 
kg MS/ML total water 109 94 113 105 
kg MS/ML irrigation exc purchased feed 189 167 228 195 
kg MS/ML total water exc purchased feed 87 77 90 85 
Irrigation operating cost/ML  $        23   $            25   $           26   $           24  
Total Irrigation cost (incl capital)/ML  $        57   $            59   $           71   $           62  
 
4.7.4 Irrigation management factors of Farm ‘F’ 
 
Irrigation on Farm ‘F’ is initiated by knowledge of weather conditions and visual 
assessment of soil moisture status.  
 
Irrigation events apply 15mm under the centre pivot irrigation on a three day rotation. 
Under the border dyke irrigation system, approximately 100mm is applied on a 14 day 
rotation. 
 
Labour required for the dairy platform is approximately one hour per day to organize 
border dyke scheduling. 
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4.8 Farm ‘G’  
4.8.1 Overview 
 
Farm ‘G’ produces 1307 kg MS/ha/year from a stocking rate of 3.63 cows/ha.  The 
farming system incorporates approximately 340kg DM/cow of purchased supplementary 
feed which is a mixture of PKE, silage and hay/straw. 
 
Centre pivot irrigation covers approximately 95% of the property with water being 
surface pumped from the Rakaia River. The capacity for application is 4.0mm/day 
provided restrictions are not in place due to inadequate river flows.  
 
4.8.2 Physical Characteristics and management of Farm ‘G’ 
 
The main soil type that dominates the property is a heavy Lismore soil that has AWHC of 
75mm. 
 
Nitrogen use on the property totals 220 kg N/ha/year. Eco-N has been applied in the past 
but the farmer feels he has seen no signs of activity from the application. 
 
Expected average annual rainfall is approximately 900mm. 
 
Water use was based on the water available for irrigation assuming restrictions as derived 
by a private report compiled in 2004 by Pattle Delamore Partners Ltd. This level of water 
use is suitable because of the farms policy of irrigating whenever possible.  
 
The data available for this property was only able to be gathered for the 2006/07 season.  
  
37 
4.8.3 Irrigation Productivity Indicators 
 
Table 7. Summarized Irrigation productivity indicators for farm ‘G’.  
  
2006/07 
kg MS/ha 1307 
Total mm irrigation applied 450 
Total mm water (irrigation + rainfall) 1350 
Purchased feed % of total feed 21% 
DM harvested (t/ha) 12.3 
t DM harvested/ML irrigation 2.74 
t DM harvested/ML total water 0.91 
kg MS/ML irrigation 291 
kg MS/ML total water 97 
kg MS/ML irrigation exc purchased feed 229 
kg MS/ML total water exc purchased feed 76 
Irrigation operating cost/ML  $        50  
Total Irrigation cost (incl capital)/ML  $        90  
 
 
4.8.4 Irrigation management factors of Farm ‘G’ 
 
The centre pivot irrigation system applies an average of 15mm/day on a three to four day 
rotation.  
 
Strict soil moisture monitoring is not practiced and a policy of keeping the irrigating going 
whenever possible is adopted. The reasoning behind this is that at anytime restrictions can be 
imposed and in this situation the farm wants to contain as much moisture as possible to meet 
the needs of pasture at times where irrigation cannot meet these requirements. Also 
contributing to this policy is the belief of the farmer that the marginal cost of applying water 
is low because of the surface water supply rather than pumping from a deep well.  
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4.9 Farm ‘H’  
4.9.1 Overview 
 
Farm ‘H’ has produced an average of 1,321 kg MS/ha/year from a stocking rate of 3.20 
cows/ha for the three seasons from 2004/05 to 2006/07.  The farming system incorporates 
approximately 350kg DM/cow of purchased supplementary feed. 
 
Rotary boom irrigation covers the entire property with average run lengths being 550m long.  
Water is captured from 2 deep wells of 82m and 60m deep providing a flow rate of 127 l/sec. 
 
4.9.2 Physical Characteristics and management of Farm ‘H’ 
 
The main soil type that dominates the property is a heavy Lismore soil that has an AWHC of 
75mm. 
 
Total nitrogen use for the property has been approximately 230kg N/ha/year for the past three 
seasons in the form of Urea. Eco-N was not applied during or prior to this time.  
 
Expected average annual rainfall is approximately 750mm. 
 
Approximately 5% of the milking platform is cropped for maize silage from November to late 
April before being returned to permanent pasture. 
 
Water use was calculated on the number of irrigation events times the average application rate 
of 50mm/event.
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4.9.3 Irrigation Productivity Indicators 
 
Table 8. Summarized Irrigation productivity indicators for farm ‘H’.  
 
  
2004/05 2005/06 2006/07 Average 
kg MS/ha 1280 1290 1393 1321 
Total mm irrigation applied 550 650 550 583 
Total mm water (irrigation + rainfall) 1314 1300 1307 1307 
Purchased feed % of total feed 16% 16% 16% 16% 
DM harvested (t/ha) 12.0 12.4 13.2 12.5 
t DM harvested/ML irrigation 2.18 1.91 2.40 2.16 
t DM harvested/ML total water 0.91 0.95 1.01 0.96 
kg MS/ML irrigation 233 198 253 228 
kg MS/ML total water 97 99 107 101 
kg MS/ML irrigation exc purchased feed 195 167 214 192 
kg MS/ML total water exc purchased feed 82 83 90 85 
Irrigation operating cost/ML  $      47   $        52   $       51   $      50  
Total Irrigation cost (incl capital)/ML  $      77   $        78   $       82   $      79  
 
4.9.4 Irrigation management factors of Farm ‘H’ 
 
Farm ‘H’ has consents in place to extract 127 l/sec for 23 hours/day which equates to 
4.9mm/ha/day with no total limit as to the amount of water that can be applied in a 
complete season. This consent poses no restrictions to the irrigation management of the 
property.  
 
The Rotary Boom irrigation system applies 50mm per application on an average 13 day 
rotation. Initial irrigation at the beginning of the season, usually the end of September is 
approximately half this watering rate and this is similar to the end of the season which 
normally occurs late March and April. The labour required to shift the four rotary boom 
irrigators is approximately 3.5 hours/day.  
 
Irrigation is initiated on the basis of past experiences and monitoring of climatic 
conditions rather than strict soil moisture monitoring techniques. 
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4.10 Farm ‘I’  
4.10.1 Overview 
 
Over the three seasons from 2004/05 to 2006/07, farm ‘I’ has produced an average of 
1,334 kg MS/ha from a stocking rate of 3.44 cows/ha. Approximately 410 kg DM/cow of 
grass silage is purchased every year.  
 
The property is entirely irrigated by four rotary boom irrigators with water pumped from 
three deep wells. 
 
4.10.2 Physical Characteristics and management of Farm ‘I’ 
 
Farm ‘I’ is predominantly a Lismore soil with an AWHC of 38mm.  
 
Nitrogen fertiliser over the period analysed totalled 210-220 kg N/ha per annum.  
 
Average annual rainfall over the three years analysed was 724mm per year. 
 
Water use was calculated using electricity statements that showed the irrigation pumps 
operated for 104 days of pumping hours, with irrigators on a 10 day round applying 
53mm per event. 
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4.10.3 Irrigation Productivity Indicators 
 
Table 9. Summarized Irrigation productivity indicators for Farm ‘I’. 
  
2004/05 2005/06 2006/07 Average 
kg MS/ha 1284 1350 1367 1334 
Total mm irrigation applied 600 600 400 533 
Total mm water (irrigation + rainfall) 1364 1250 1157 1257 
Purchased feed % of total feed 17% 16% 16% 16% 
DM harvested (t/ha) 12.2 13.0 13.3 12.8 
t DM harvested/ML irrigation 2.03 2.17 3.32 2.51 
t DM harvested/ML total water 0.89 1.04 1.15 1.03 
kg MS/ML irrigation 214 225 342 260 
kg MS/ML total water 94 108 118 107 
kg MS/ML irrigation exc purchased feed 178 188 287 218 
kg MS/ML total water exc purchased feed 78 90 99 89 
Irrigation operating cost/ML  $        52   $        52   $        67   $        57  
Total Irrigation cost (incl capital)/ML  $        82   $        82   $      112   $        92  
 
4.10.4 Irrigation management factors of Farm ‘I’ 
 
Initiation of irrigation on Farm ‘I’ is based on personal judgement which includes 
watching the neighbouring properties, usually starting a week after they have as well as 
having a dig into the soil to visually assess soil moisture conditions. If decent rains are 
experienced, irrigation may ceases for a few days until it begins to dry out again. 
Moisture meters are not used on the property. 
 
Irrigation applies 50mm per event on the longer irrigation runs whilst shorter irrigation 
runs may apply 55-60mm per event. The four rotary boom irrigators that irrigate the 
property are managed on a 10 day irrigation round length. During the 2004/05 and the 
2005/06 seasons, irrigation pumping was carried out for 104 days per season. 
 
Labour required to shift the irrigators is approximately 2-2.5 hours per day of irrigation. 
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4.11 Farm ‘J’  
4.11.1 Overview 
 
Over the three seasons from 2004/05 to 2006/07, farm ‘J’ has produced an average of 
1,385 kg MS/ha from a stocking rate of 3.60 cows/ha. Purchased supplementary feed is 
approximately 50% barley grain, 20% whole crop barley silage and the remainder grass 
silage averaging approximately 360 kg DM/cow.  
 
Farm ‘J’ is irrigated by a mixture of Border dyke irrigation which covers 56% of the 
property with the remainder of the property irrigated by a K-Line sprinkler system. 
 
4.11.2 Physical Characteristics and management of Farm ‘J’ 
 
Farm ‘J’ is predominantly a Lismore Stony silt loam soil with an estimated AWHC of 
60mm.  
 
Nitrogen is applied as Urea at a rate of 47-50 kg/ha/application (21-23 kg N/ha) with total 
Nitrogen use approximately 230 kg N/ha year. Nitrogen is not applied to areas of the 
farm that consistently receive effluent and is only applied from mid August through to 
mid May. 
 
Although located within 10km of the Winchmore research station that has had an average 
annual rainfall of 733mm/year from the 2004/05 to 2006/07 seasons, farm ‘J’ has been 
monitoring rainfall over this same period with an average of 445mm/year. The average of 
these two figures has been used in calculations on the suggestion of the farmer. 
 
Water use was calculated on the basis of 11 rotations of border irrigation and 14 rotations 
of the K-line system at 75mm and 48mm/application respectively. 
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4.11.3 Irrigation Productivity Indicators 
 
Table 10. Summarized Irrigation productivity indicators for Farm ‘J’. 
  
2004/05 2005/06 2006/07 Average 
kg MS/ha 1376 1345 1435 1385 
Total mm irrigation applied 694 694 694 694 
Total mm water (irrigation + rainfall) 1241 1135 1042 1139 
Purchased feed % of total feed 19% 20% 19% 19% 
DM harvested (t/ha) 13.0 12.7 13.5 13.1 
t DM harvested/ML irrigation 1.87 1.83 1.95 1.88 
t DM harvested/ML total water 1.05 1.12 1.30 1.16 
kg MS/ML irrigation 198 194 207 200 
kg MS/ML total water 111 118 138 122 
kg MS/ML irrigation exc purchased feed 160 155 167 161 
kg MS/ML total water exc purchased feed 89 95 111 99 
Irrigation operating cost/ML  $        17   $        18   $        18   $        17  
Total Irrigation cost (incl capital)/ML  $        38   $        37   $        37   $        37  
 
4.11.4 Irrigation management factors of Farm ‘J’ 
 
Initiation of irrigation on Farm ‘J’ is based around knowledge of the current weather 
conditions including monitoring of evapotranspiration levels (from Winchmore) and rainfall 
in comparison to soil AWHC.  Moisture meters are not used on the property. 
 
Border dyke irrigation events apply approximately 75mm on a 16 day rotation if there are no 
restrictions in place due to low river flows as the water is sourced from the Ashburton 
Lyndhurst irrigation scheme. The K-Line irrigation system applies 48mm per event on a 10-
12 day rotation. Water supply for the K-Line system is from a deep well. 
 
Border dyke irrigation requires approximately 40 minutes per day of labour whilst the K-Line 
system that has 26 lines requires two hours of labour per day.  
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4.12 Summary of all Farms 
4.12.1 Comparison of all Farms 
 
Table 11 on the following page shows the averages across the three seasons analysed for each 
farm. Farms ‘C’ and ‘G’ have been excluded because of a change of irrigation system during 
the three year period (farm ‘C’) and only having one year of data (farm ‘G’). Key points in 
this table are that farm ‘A’ (LUDF) used the least amount of total water at 1081mm and had 
the greatest level of milksolids from total water use at 139 kg MS/ML of total water, 40% 
greater than the next best, farm ‘J’ at 99kg MS/ML of total water. 
 
The summary of farm performance for the 2006/07 season can be seen in Table 12 on page 
46. This table shows the latest performance of the farms analysed with a variance in total 
water use from 1042mm for the season up to 1505mm. The 2006/07 season was regarded by 
farmers to be a wetter year than normal, this is backed up by rainfall statistics (Niwa National 
Climate Data Base) that suggest that rainfall over the irrigation season (beginning October 
through to the end of March) was 40% higher in the 2006/07 season than the long term 
average dating back to 1971. Table 12 was created to illustrate this above average rainfall 
year as well as utilizing information from the farms ‘C’ and ‘G’ with limited data. The 
greatest level of milk production from water use was farm ‘A’ (LUDF) at 117 kg MS/ML of 
total water followed by farm ‘J’ at 111 kg MS/ML total water. 
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Table 11. Summary of the performance for farms from 2004/05 to 2006/07 (excludes 
farms ‘C’ and ‘G’). 
 
Irrigation type (% of farm covered)
All Farms A (LUDF) B D E F H I J Average
kg MS/ha 1731 1375 1354 1638 1431 1321 1334 1385 1429
Total mm irrigation applied 431 723 613 788 600 583 533 694 602
Total mm water (irrigation + rainfall) 1081 1457 1347 1623 1362 1307 1257 1139 1326
Purchased feed % of total feed 15% 21% 20% 27% 19% 16% 16% 19% 20%
DM harvested (t/ha) 16.0 12.1 12.2 13.7 13.0 12.5 12.8 13.1 13.0
t DM harvested/ML irrigation 3.77 1.67 1.99 1.76 2.20 2.16 2.51 1.88 2.28
t DM harvested/ML total water 1.50 0.83 0.91 0.84 0.96 0.96 1.03 1.16 1.00
kg MS/ML irrigation 407 191 222 211 242 228 260 200 250
kg MS/ML total water 162 95 101 101 105 101 107 122 110
kg MS/ML irrigation exc purch. feed 348 150 178 153 195 192 218 161 202
kg MS/ML total water exc purch. feed 139 75 81 74 85 85 89 99 88
Irrigation operating cost/ML 75$        6$        7$         45$     24$      50$     57$     17$      35$        
Total Irrigation cost (incl capital)/ML 134$      31$      37$       97$     62$      79$     92$     37$      71$        
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Table 12. Summary of farm performance for the 2006/07 season. 
 
Irrigation type (% of farm covered)
All Farms A-LUDF B C D E F G H I J Average
kg MS/ha 1703 1412 1480 1352 1566 1423 1307 1393 1367 1435 1444
Total mm irrigation applied 363 670 410 560 645 500 450 550 400 694 524
Total mm water (irr.+ rainfall) 1238 1499 1239 1389 1505 1262 1350 1307 1157 1042 1299
Purch. feed % of total feed 15% 21% 25% 20% 28% 20% 21% 16% 16% 19% 20%
DM harvested (t/ha) 16.0 12.3 12.4 12.2 13.1 12.6 12.3 13.2 13.3 13.5 13.1
tDM harvested/ML irrigation 4.41 1.84 3.02 2.17 2.03 2.53 2.74 2.40 3.32 1.95 2.64
tDM harvested/ML total water 1.29 0.82 1.00 0.87 0.87 1.00 0.91 1.01 1.15 1.30 1.02
kgMS/ML irrigation 469 211 361 241 243 285 291 253 342 207 290
kgMS/ML total water 138 94 119 97 104 113 97 107 118 138 112
kgMS/ML irr. exc purch. feed 400 167 271 194 174 228 229 214 287 167 233
kgMS/ML total water exc purch. feed117 75 90 78 75 90 76 90 99 111 90
Irrigation operating cost/ML 92$     7$     26$    8$      53$    26$    50$   51$    67$    18$   40$       
Total Irr cost (incl capital)/ML 161$   34$   76$    40$    116$  71$    90$   82$    112$  37$   82$       
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4.12.2 Water use and Irrigation Productivity (kg MS/ML) 
 
The level of irrigation applied across the three seasons for individual farms varied from an 
average of 431mm up to 788mm as shown below in Figure 9. The average level of irrigation 
applied was 614mm per season. 
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Figure 9. Comparison of irrigation applied per season and the corresponding milk 
production per ML of irrigation (  Irrigation applied,  kg MS/ML). 
 
Production (kg MS)(excluding the impact of purchased feed) was negatively correlated to the 
level of irrigation applied as shown in Figure 9 with the maximum being 348 kg MS/ML 
irrigation and the minimum being 150 kg MS/ML irrigation. The average level of productivity 
was 202 kg MS/ML irrigation.  
 
No relationship was found between irrigation productivity and kg MS/ha. 
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Figure 10 shows the diminishing decline in irrigation productivity as the level of irrigation 
applied increases. This demonstrates that applying more water reduces the efficiency of 
converting this water into milk production. 
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Figure 10. Diminishing relationship between applying more irrigation and productivity 
from irrigation. 
 
Whilst there was a clearly negative correlation between increasing irrigation and resulting 
production, the magnitude of this correlation is greatly decreased when rainfall is taken into 
account. Figure 11 shows the difference in relationship between irrigation applied and 
production per ML of irrigation only and when rainfall is included with irrigation applied.  
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Figure 11.  Comparison between production per ML or irrigation and per ML of total 
water (irrigation plus rainfall) ( Irrigation only,  Rainfall + Irrigation). 
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4.12.3 Drymatter harvested and Irrigation Productivity (kg MS/ML) 
 
There was a direct correlation between the amount of drymatter harvested and production in 
terms of kg MS/ML of total water as shown in Figure 12. The maximum level of production 
achieved over the three year period was 162 kg MS/ML of total water whilst the average was 
110 kg MS/ML of total water. A 1% increase in DM harvested results in an approximate 
increase in kg MS/ML total water of 2.5%.  
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Figure 12. Relationship between t DM harvested per ha and kg MS/ML of total water 
(irrigation + rainfall). 
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4.12.2 Differences between Irrigation Systems 
 
There was a difference between irrigation systems on the farms analysed with Pivot irrigation 
having the highest productivity at 238 kg MS/ML of irrigation (exc purchased feed) and 100 
kg MS/ML of total water (exc purchased feed) as shown in Table 13. However, Pivot 
irrigation was also associated with the highest cost of water at $92/ML applied (including cost 
of capital). 
 
Table 13. Comparison between irrigation systems (Only farms with over 80% of the 
farm covered by one type of irrigation system were included, there are two 
farms included for each irrigation system). 
  
Pivot Rotary Border 
kg MS/ha 1684 1327 1365 
Total mm irrigation applied 610 558 668 
Total mm water (irrigation + rainfall) 1352 1282 1402 
Purchased feed % of total feed 21% 16% 20% 
DM harvested (t/ha) 14.9 12.7 12.1 
t DM harvested/ML irrigation 2.76 2.33 1.83 
t DM harvested/ML total water 1.17 0.99 0.87 
kg MS/ML irrigation 309 244 206 
kg MS/ML total water 132 104 98 
kg MS/ML irrigation exc purchased feed 251 205 164 
kg MS/ML total water exc purchased feed 106 87 78 
 Irrigation operating cost/ML   $       60   $       53   $         7  
 Total Irrigation cost (incl capital)/ML   $     116   $       85   $       34  
 
The cost to apply water varies amongst different systems as well as depending on the amount 
of water applied. The average irrigation operating cost per megalitre of water across all the 
farms analysed was $34/ML with this increasing to $70/ML when the capital cost of the 
irrigation system is incorporated. As shown in table 13, Border dyke irrigation is associated 
with the cheapest cost of applying water at $34/ML (including cost of capital) although 
produces the least amount of drymatter harvested at 12.1t DM/ha and the lowest productivity 
at 164 kg MS/ML of irrigation or 78 kg MS/ML or total water (both excluding impact of 
purchased feed). 
 
The labour requirements associated with the different irrigation systems are shown in Figure 
13 on the following page. Although the pivot irrigation system itself requires negligible 
labour, there is a labour requirement related to shifting the irrigation system that is needed for 
the areas that the pivot is unable to cover, hence pivot irrigation still has a significant labour 
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requirement. Rotary boom irrigation had the greatest labour requirement at 0.8 min/ha/day of 
irrigation, this equates to 160 min for a 200 ha rotary boom irrigated dairy farm. 
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Figure 13. Daily labour requirement for different irrigation systems. 
4.12.3 Financial Performance 
 
Reliable EBIT’s for the dairy platform were only able to be gathered from three of the ten 
farms, with these levels shown in Figure 14, all three farms had pivot irrigation systems. With 
EBIT data from only three farms, it is unwise to form a relationship between irrigation 
practices and EBIT. However, this data does provide an indication of the levels of EBIT that 
is being produced on best practice irrigated dairy farms. 
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Figure 14. Levels of EBIT being generated on the three farms with reliable data for the 
milking platform only ( EBIT/ML Irrigation, EBIT/ML total water, both 
excluding impact of purchased feed) (All three farms are pivot irrigation). 
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CHAPTER 5 
DISCUSSION 
 
 
5.1 Introduction 
 
This chapter discusses the results displayed in chapter four and explains why some 
relationships exist and the absence of others. It will highlight some of the issues faced by 
irrigating farmers and set benchmarks for farmers to target, based on the farms analysed in 
this study. Detailed profiles of each farm can be found in Chapter 4. 
5.2 Water Use  
 
The level of irrigation applied to the ten dairy farms involved in this study in any one season 
varied from 363mm up to 860mm per season with an average across all farms for the three 
seasons of 602mm. LUDF applied the least water as well as having the second lowest average 
annual rainfall, this illustrates the potential for other farms to reduce their water usage; 
however they did have the soils with the greatest AWHC at an average of approximately 
140mm.  
 
The properties with the lowest total water use during one season were LUDF at 1071mm and 
farms ‘J’ and ‘I’ both with 1139 and 1257mm respectively. These farms also corresponded 
with the three greatest levels of MS/ML of total water. These findings are consistent with 
Armstrong et al. (2000) who found that, compared with low WUE farms, high WUE farms 
had the same milk production but used less water. There seemed to be no trend as to one 
irrigation system that used the least amount of total water with the three lowest users being 
pivot, K-Line and border mix and rotary boom irrigation.  
 
Farm ‘C’ showed the benefits in terms of reducing water use through changing their irrigation 
system. Changing from a complete border dyke system to an irrigation system that was 73% 
pivot, 23% rotary boom and 4% sprinkler for the 2006/07 season reduced their water usage by 
41%. Although the 2006/07 season was a wetter than normal year, this level of reduction was 
twice that of the reduction of the rest of the farms that averaged a 19% reduction in irrigation 
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water use. The reduction in irrigation water use on the border dyke farms (farm ‘B’ and ‘D’) 
from the 2005/06 to the 2006/07 seasons was 11%, this reinforces the large decrease in water 
use that farm ‘C’ has been able to create by changing from a border dyke system to a spray 
irrigation system. 
 
Best practice benchmarks for total water use in one season is approximately 1100-1200mm. 
The benchmark is based on the three years analysed rather than just 2006/07 season which 
was wetter than normal. The three farms with the greatest level of milk production from total 
water use and their corresponding level of total water use were used to develop this 
benchmark. It is important that the suggested benchmark figures are not used as allocation 
levels because as shown in the data, large variations can occur between seasons. The level of 
total water use will vary from year to year depending on the magnitude and timing of rainfall 
and evapotranspiration events. 
 
5.3 Production from Water Use 
 
The level of drymatter harvested on the farms involved in this study averaged 13.0t DM/ha; 
production was 1429 kg MS/ha which is 18% greater than the regional average of 1215 kg 
MS/ha. This is expected as the farms selected for this study were all believed to be the best 
farms in terms of generating production from water use. This is reinforced by Wells et al. 
(1998) who reported that the most productive farms in terms of kg MS/ML water applied are 
also characterised by the highest production of milksolids per ha.   
 
Within the farms analysed, the two farms with the lowest levels of drymatter harvested were 
both border dyke irrigated farms. This fits in with literature such as Wood & Finger (2006) 
concluding that spray irrigation produced more pasture than flood irrigation. Similar 
comments were heard during this study such as farmer ‘F’ who has changed from flood 
irrigation to pivot irrigation. He suggested that production increases have not come from 
using considerably less water but in growing and harvesting more pasture because the water is 
used more effectively stating that ‘the water applied is sent to the factory rather than lost 
through the soil profile or to the atmosphere’. This is not entirely consistent with results from 
farm ‘C’ that was shown to have a 40% reduction in irrigation water use in conjunction with a 
400 kg DM/ha increase in pasture harvested following a change from border dyke irrigation to 
  
54 
pivot and rotary boom irrigation. This indicates the potential for farmer ‘F’ to maintain 
production but decrease water use. 
 
The levels of production being achieved on the best practice farms that were analysed in this 
study averaged 110 kg MS/ML of total water received on the farm. However factors such as 
purchased supplement influence this performance indicator with this level being reduced to 88 
kg MS/ML when factoring in the contribution of purchased feed (including winter grazing). It 
is important to account for purchased feed because effectively when such purchases are made, 
the farmer is bringing extra water on to the property.  
 
Factors such as Nitrogen fertiliser as suggested by McKenzie et al. (2006) also influence 
productivity levels from irrigation although this relationship was not found in this study 
because all farms had very similar nitrogen strategies with the exception of farm ‘E’. The only 
farm to consistently use eco-n nitrification inhibitor was the LUDF which also had the 
greatest level of milksolids production per megalitre of total water. In isolation it is hard to 
determine whether eco-n alone is the major factor contributing to the level of production from 
irrigation. The use of eco-n is best described as one component of the LUDF farm system that 
leads to 25% more production of drymatter and milksolids per hectare than the rest of the 
farms in this study. 
 
The farms in this study all had similar production levels although as shown in figures 9 and 
10, those that applied the least irrigation generated the greatest milksolids per ML of 
irrigation.  
 
When assessing productivity from irrigation water only, the average level of production was 
202 kg MS/ML irrigation. This level of productivity is less than that of Greer (1999) although 
some of Greer’s data may not be entirely accurate. The highest levels of productivity from 
Greer (1999) seem unreliable because these farms would have to be producing in excess of 
5000 kg MS/ha to achieve the quoted irrigation productivity. The farms in this study were 
above the average level of production of the farms included in Greer’s study, suggesting that 
the farms involved in this study were indeed best practice farms rather than average farms. 
 
From the data gathered and analysed in this study, target benchmark levels for irrigation 
productivity on Canterbury dairy farms should be 100-120 kg MS/ML of total water when 
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excluding the impact of purchased feed. This benchmark was again taken from the three best 
farms in this study. Although these farms were not all the top producers in terms of kg MS/ha, 
they were the best in terms of harvesting drymatter per hectare. This indicates the importance 
of farm management such as stocking rates and strategically feeding supplements to maximise 
utilisation of pasture. Although there were two farms that had similar levels of pasture 
harvested, the impact of purchased feed on milksolids production reduced their effectiveness 
of converting water use into milk. 
 
It is difficult to create a suitable benchmark for milksolids production from irrigation water 
only, because of the variability in rainfall received by farms in different areas. Production 
from irrigation ranged from 150 kg MS/ML of irrigation up to 348 kg MS/ML of irrigation. 
The researcher suggests that for a ‘typical’ mid Canterbury dairy farm with approximately 
720mm of annual rainfall and soils with AWHC of 60-80mm a benchmark of 200 kg MS/ML 
of irrigation water. 
 
5.4 Irrigation Management 
 
All farms had very similar techniques for initiating irrigation which was based around 
knowledge and experience of the farm and recent weather conditions, mainly rainfall and 
evapotranspiration levels. There were only two farms that used soil moisture meters to 
monitor soil moisture status at the time of analysis; the LUDF and farm ‘E’ which was also 
under pivot irrigation. Although farm ‘E’ had the highest level of irrigation application, they 
believed that they had lowered their total water use since installing the Aquaflex moisture 
meters.  
 
Whilst LUDF initiated irrigation through soil moisture meters and monitoring, the other two 
top performers, farms ‘J’ and ‘I’ had an approach of monitoring soil moisture through 
comparisons of rainfall and evapotranspiration levels as well as monitoring what other 
farmers were doing. Whilst LUDF has an approach of applying little and often this is not 
possible for farms ‘J’ and ‘I’ but it should be noted that these two properties have a quicker 
than normal return rate for their irrigation systems at 10-12 days for K-line and 14 days for 
border on farm ‘J’ whilst the rotary boom irrigation on farm ‘I’ had a 10 day rotation. 
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The use of soil moisture monitoring technology such as Aquaflex provides an opportunity to 
take the guess work out of initiating and ceasing irrigation. Having more detailed monitoring 
of soil moisture will allow farmers to decrease the application of irrigation and better suit 
irrigation to the conditions as they constantly change. This is in line with that of Christie 
(2007 pers comm) who described that on the LUDF they had seen a direct relationship 
between increased monitoring and increased irrigation productivity. This has led the strategic 
management team responsible for the LUDF to shift from soil monitoring through three 
neutron probes to installing more Aquaflex moisture meters. This has been done to allow 
more regular measurements of soil moisture as well as allowing more than just three 
monitoring sites on the 161 ha property. The cost of installing technology such as Aquaflex 
and the financial benefits associated can be seen in section, 5.6 Cost of Irrigation. 
 
Soil moisture monitoring technology is most suited to pivot irrigation systems or other types 
of systems that have a very fast (<7 days) return rate. The reasoning behind this is that 
conditions in Canterbury can go from field capacity to moisture stress extremely rapidly. This 
means that to not lose production, the irrigation system must be able to cover the entire 
property before part of the property experiences significant moisture stress with subsequent 
losses in production. Systems such as border dyke irrigation that are commonly on 20-24 day 
returns are not able to take advantage of such technology as they cannot afford to stop 
watering in case that conditions rapidly change. Not being able to afford to stop watering is 
the main reason that the border dyke irrigation systems had the greatest levels of irrigation 
water applied as shown in table 13. On a 20-24 day rotation under ‘normal’ Canterbury 
summer conditions, the pasture is likely to become moisture stressed. According to Ward et 
al. (1998) who reported that where the pasture was moisture stressed for 3-4 days each 
irrigation cycle, water use efficiency of the pasture was reduced by over half, this will also 
contribute to a reduction in productivity from irrigation. 
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5.5 Differences between Irrigated Farm Systems 
 
Farms with centre pivot irrigation were shown to be the most productive system producing 93 
kg MS/ML of total water followed by rotary boom and border dyke irrigated farms at 87 and 
79 kg MS/ML respectively. The contributing factors to centre pivot irrigation having the 
greatest production was the fact that these farms had the greatest production per hectare at 
1590 kg MS/ha whilst rotary boom and border dyke were both approximately 1350 kg MS/ha.  
 
Centre pivot farms had both the highest level of irrigation applied as well as the lowest level 
of irrigation applied of the analysed farms, illustrating the large variation of irrigation 
management and the potential to reduce water use on some properties. 
 
Border dyke irrigation can be efficient under suitable conditions but were consistently the 
least productive in this study for the following reasons: 
− The soils they are located on are of low water holding capacity and are free draining 
whilst it was suggested by Skene and Poutsma (1962) that border dyke irrigation is 
most suited to soils with high water holding capacity. This agrees with the case study 
of farmer ‘F’ who has changed the majority of his farming system from border dyke 
to pivot irrigation and believes that the light soils are best suited to pivot irrigation. 
− The rotation length of the border dyke irrigation was too long (14-24 days) resulting 
in these systems not being able to stop irrigating very often. The risk being that it 
could dry out considerably over that period resulting in lost production as it is at least 
a further two weeks before the last of the property is irrigated. 
 
Farm ‘C’ having recently changed from a border dyke irrigation system to a spray irrigation 
system found that one of the benefits of the new irrigation system was it provided greater 
flexibility for grazing management. From discussion with the farmers in the study, it was 
consistently suggested that under border dyke irrigation, grazing round length is best suited to 
being longer than the irrigation round length. With the irrigation rotation being around the 20-
24 day length, this is too long under summer conditions. This illustrates well that it is not 
simply the irrigation system that provides high productivity in terms of milksolids production 
from water use but the type of farm management and farm system that the irrigation system 
allows to be run. Border dyke irrigations systems and even rotary boom irrigation dictate 
factors such as pasture management and fertiliser management. In contrast, systems such as 
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centre pivot with very quick rotation lengths and flexibility in operation allow the farmer to 
better dictate himself how he manages the farm rather than having to manage the farm around 
the irrigation system. 
 
5.6 Cost of Irrigation 
 
Whilst the average total cost of applying one ML of irrigation was $71, there was a large 
range in this cost from $31/ML up to $134/ML. The most expensive irrigation system was 
that of centre pivot irrigation at $107/ML with rotary boom irrigation at $86/ML followed by 
border dyke irrigation at $34/ML. The total cost includes the cost of capital (9% on the initial 
set up price) as well as the operating and maintenance costs of the system. There was not a 
large difference between the capital expenditure for each irrigation system with border dyke 
and rotary boom irrigation both approximately $2,000/ha and centre pivot $2,500/ha although 
the operating cost varied greatly from $7/ML for border dyke up to $60/ML for pivot 
irrigation as seen in table 13 on page 50. 
 
To install Aquaflex soil moisture monitoring technology, the cost is approximately $6500 for 
a 200 ha farm. This includes the costs of five meters at $1188 each and software and an 
infrared adapter at $187 and $350 each respectively. To recover this cost, at an operating cost 
(not including capital cost of irrigator) of $56/ML which is the average for pivot and rotary 
boom irrigation in this study, the farm needs to save a total of 116ML of irrigation water. This 
required saving over the 200 ha equates to 0.58ML/ha or 58mm, the researcher believes that 
on most Canterbury farms this could be achieved in the first season. 
 
5.7 Financial Performance 
 
Reliable and accurate EBIT was only able to be gathered from three of the farms involved in 
the study. The main reason for this being that the majority of the farms’ financial information 
included costs from other areas such as another dairy farm or the running of support land. 
This did not suit this study which was focused solely on the dairy platform.  
 
With EBIT from only three farms, it was difficult to create a relationship between irrigation 
productivity and EBIT. This may not be the only reason influencing the absence of a clear 
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relationship as EBIT, which is a method of describing farm profitability, is dependant on 
many variables of the farm and farm management. Management factors such as animal 
husbandry, sourcing of inputs, and cost structures all influence the subsequent level of EBIT 
and hence blur any relationship that may exist between irrigation productivity and EBIT 
levels if all other variables were kept constant. 
 
Although EBIT may not necessarily be an accurate descriptor of irrigation productivity due to 
the above mentioned factors, it would still be useful information. The level of EBIT being 
generated may be useful if allocation of water begins to trend towards those systems that can 
generate the greatest level of profitability from a unit of water. 
 
5.8 LUDF 
 
The LUDF is consistently an outlier throughout this study with the highest productivity in 
terms of milksolids production from water use, milksolids production per hectare and 
drymatter harvest per hectare. Although the LUDF has the soils with the highest AWHC of 
the farms in this study, it should be noted that they also had the second lowest rainfall whilst 
still being able to use the least amount of water. 
 
The LUDF provides a fine example of converting water into milk production, although there 
are few farms located on soils similar to the LUDF; this is just one component of a high 
producing system. It is these other contributing factors such as irrigation monitoring, pasture 
management and production that other farms are able to focus on and achieve. 
 
5.9 Strategies to Improve Performance 
 
The LUDF see that their biggest room for improvement in efficiency and productivity is in 
the corners where the pivot irrigation doesn’t reach. The main reason for this is that the 
sprinkler system they have in place is much less uniform in applying water than the pivot, this 
is an area that this study did not include. The labour requirement for the sprinkler system is 
very high considering the area that is being irrigated. This is representative of many pivot 
irrigated farms. Suggestions that the LUDF are considering are: 
– Growing specialist crops or pastures in the corners 
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– The use of a small rotary boom irrigator or small lateral pivot instead of sprinklers 
– The use of effluent in the corners 
 
The researcher believes for Canterbury dairy farmers, the biggest opportunity to improve their 
milksolids production from water use is through the use of less irrigation water without 
compromising pasture growth. One of the components in doing this is to use soil moisture 
monitoring technology. This takes the guess work out of irrigating and will save both time 
and money as shown in section 5.6 (Cost of Irrigation). However, this is not suitable to all 
farms as those with long intervals between irrigation events are unable to capture the same 
benefits. If the farm is serious about improving productivity from water, the irrigation system 
must be able to have a rapid return rate (<7 days) due to the low available water holding 
capacity that characterizes the majority of the Canterbury plains. Such return rates are 
characteristic of the centre pivot irrigation systems. 
 
The researcher believes that this study shows considerable potential for irrigation productivity 
improvement when it is considered that even the farms in this study which are believed to be 
the best, have areas capable of improvement.  
 
5.10 Further Investigation 
 
This study hopes to stimulate people involved in the Canterbury dairy industry to start 
thinking about irrigation productivity and how they can use this to benefit their farming 
system. Although the researcher believes that 7 out of the 10 farms involved had accurate 
water use data based on what the farmer supplied, it would be worthwhile completing a 
similar study five years in the future when water meters have become more common place. 
 
The greatest area for further investigation lies with the levels of profitability being generated 
on best practice farms in great detail. A detailed financial analysis of the five or six best farms 
from this study creating accurate profitability from irrigation water would be a useful tool 
when competition between industries for irrigation water develops. 
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CHAPTER 6 
CONCLUSIONS 
 
 
− The total water use required on an irrigated dairy farm in Canterbury is approximately 
1100-1200 mm. This depends on timing of rainfall events and should be used as a 
guide rather than strict allocation in any one year. 
 
− Canterbury dairy farmers should be targeting 100-120 kg MS/ML of total water 
received on the farm or 200 kg MS/ML of irrigation used. 
 
− The rotation length of the irrigation system greatly influences irrigation productivity. 
Under Canterbury conditions, an irrigation system should be able to cover the entire 
property in less than a week to maximise milk production from irrigation. 
 
− Reducing water use without compromising pasture production is the best way of 
improving irrigation productivity. The researcher believes monitoring of spray 
irrigation systems is the best method of accomplishing this goal. The monitoring 
system is capable of paying for itself with a saving of 58mm of irrigation applied. 
 
− Further investigation into financial performance of the best farms in this study will 
produce valuable data in the competition for irrigation water. 
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APPENDIX 1 
INTERVIEW QUESTIONNAIRE 
 
 
Area, Stock and Production: 
Farm area: 
2004/05 = 
2005/06 = 
2006/07 =  
Total milksolids Production: 
2004/05 = 
2005/06 = 
2006/07 =  
Cow numbers as of 1st July: + weight and type of cow, calf numbers reared: 
2004/05 = 
2005/06 = 
2006/07 =  
Numbers and class of young stock carried on farm: 
2004/05 = 
2005/06 = 
2006/07 =  
 
Soils & Fertiliser: 
Soil type and water holding capacity if known, drainage characteristics: 
Total amount and type of fertiliser applied per annum or soil fertility status: 
2004/05 = 
2005/06 = 
2006/07 =  
Nitrogen fertiliser (urea) applied per annum and how is it applied: 
2004/05 = 
2005/06 = 
2006/07 =  
If Eco-N is applied, how much area and at what times: 
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Feed: 
Amount and type of feed (DM) brought in and used, including from support block (include 
ME if known): 
2004/05 = 
2005/06 = 
2006/07 =  
Pasture management objectives. E.g. low residual, long or short round length, monitoring 
Number of cows wintered off and for how long: 
 
Irrigation: 
What types of systems are used and what area is covered: eg size of pivot, how many 
rotorainers, area of sprinklers? 
Total amount of irrigation applied per annum: 
2004/05 = 
2005/06 = 
2006/07 =  
Total rainfall per annum and expected average: 
2004/05 = 
2005/06 = 
2006/07 =  
How to determine when to initiate and cease irrigation, eg soil moisture monitoring, if so 
what is trigger point of soil moisture? 
Usual management, eg. Rotation length and application rates? 
Date of first and last irrigation if known: 
2004/05 = 
2005/06 = 
2006/07 = 
Labour required for irrigation estimate of daily requirement or total season: 
What is your consent to take water and is this level a constraint to your operation? 
Does your consent or take for irrigation influence your management of irrigation if so how? 
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Financial: 
EBIT: 
2004/05 =  
2005/06 = 
2006/07 =  
FWE if known to get % of FWE that irrigation is: 
2004/05 = 
2005/06 = 
2006/07 =  
Irrigation Expenses: Electricity, maintenance, water charges 
2004/05 = 
2005/06 = 
2006/07 =  
Capital cost if known? Trying to develop a charge to be applied to all systems on per ha basis 
to generated capital cost. 
 
Email address to send draft to: 
Further comments: 
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APPENDIX 2 
DRYMATTER HARVESTED TEMPLATE 
 
 
Following is the template use to calculate the drymatter harvested for the farms in this study; 
the template can be accessed via the Dexcel website: http://www.dexcel.co.nz/data/usr/5-
20%20Pasture%20Eaten%20Calculator.pdf 
 
 
 
 
 
 
 
 
 
 
 


